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Fabric-reinforced bituminous sur- 
faces exhibit superior durability 
in South Carolina test sections. 
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by the U. S. Bureau of Reclamation, illustrates 

a point frequently made by this page and con- 
sistently ignored by those who favor “Hopdoggling” 
over the creative use of public funds. 

It anaylzes some of the expenditures on the Boulder 
Dam project, now nearing completion. To most Ameri- 
cans this dam was built somewhere “out west” between 
Arizona and Nevada. They know that a lot of men 
got jobs on it. But the jobs seem so few for the cost 
of the job that the average layman is likely to fall for 
the “simple arithmetic” of those who try so persistently 
to convince him that such useful public works do not 
contribute substantially to employment. 


RECENT issue of “The Reclamation Era,” issued 


interest those who have not been able to see the 
vast army of workers that has labored om the Boulder 
Dam although not at the Boulder Dam. 

They show, for example, that the contractors, Six 
Companies, Inc., bought from $50,000 to $1,585,000 
worth of materials and services from each of 47 firms 
operating from coast to coast and that the Bureau of 
Reclamation thus far has purchased $20,558,824 worth 
of cement, structural and reinforcing steel, gates and 
machinery for the dam. Of this amount more than 
$5,000,000 went for transportation services. It still has 
to buy $8,000,000 worth of pipe and $14,000,000 worth 
of machinery. 

Space is not available to compute here the millions 
of man-hours of labor behind the thousands of items 
of material and service that flowed to the dam-site from 
scores of remote cities and towns. Mechanics and 
laborers, enginemen, brakemen and freight-handlers, 
shipping clerks, telephone operators and stenographers, 
foremen, superintendents and designers, together with 
a host of others, here found employment not otherwise 
available in Milwaukee, Peoria, San Francisco, Chicago, 
Portland, Detroit, Los Angeles, Birmingham, Schenec- 
tady, Akron, Fort Wayne, Champaign, St. Louis, 
Marion, Pittsburgh, Aurora, Cleveland and Painted 
Post, to mention but a few. 

Boulder Dam was not built in a canyon of the 
Colorado River, it was but assembled there; the men 
employed at the site no more measure the employment 
it created than the men on the assembly line of a motor 
factory measure the employment created by the auto- 


Ton figures of “The Reclamation Era” should 


AT the Dam vs. ON the Dam 


mobile industry. The difference is merely that of dis- 
tance between those who make the parts and those who 
assemble them into a completed product. 

Two further points about such jobs deserve con- 
sideration. The first is that when this job is completed 
the labor will not have been wasted; it will have pro- 
duced a useful and enduring structure that will add to 
the wealth of the nation. It will embody the skill and 
competence of engineers, contractors, manufacturers 
and craftsmen, all contributing to the public service in 
return for normal compensation that helps them to 
maintain American standards of consumption. 

Moreover, the job has employed the services and 
facilities of private enterprise, from the contractors 
who took the work on a competitive bid through the 
producers of the myriad items of material and service. 
It has put a premium on private industry—employers, 
employees and investors—and has helped them all to 
carry on through the distress of the last few years. It 
has been one of the anchors that has held the existing 
order against the fury of the economic storm. 

Of course it may be said that Boulder Dam is ex- 
ceptional. So it is, but only “with respect to size: so 
far as concerns principle, Boulder Dam is but a large- 
scale copy of thousands of other useful works that 
might profitably be undertaken by thousands of com- 
munities. These communities need them, are willing 
to pay most of their cost with their own funds and 
can get a vast number of them under way quickly; they 
would employ normal methods, using the services and 
facilities of private industry. But now we are told 
that this cannot be, that federal aid must be directed 
instead toward the making of jobs for those on relief 
by methods that put a premium on inefficiency, waste 
and the boycott of private industry. 


HATEVER may be required to relieve the dis- 
tress of public dependents, it is incredible that 
we cannot provide it without hamstringing a program 
that really does create normal industrial employment. 
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.»that’s why JAEGER TRUCK 
MIXERS Saas au Others 


Because they offer every facility 
for the faster delivery of better . 
concrete (‘‘Dual-Mix” action, 
1-man chute, dual controls, rapid 
accurate water tank and patented 
discharge) Jaeger Truck Mixers 
get most of the jobs, serve them 
at lowest cost, and continue to 
outsell all other makes. Sizes 1 
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In the News: 


THe Mucu-TAatkep-oF perpetual in- 
ventory of unemployed persons seems as- 


sured by the President’s Poss last 


week of a WPA allotment of 
the purpose. 


550,000 for 


Four NEeBRASKA COUNTIES in the Platte 
River Valley of the south central part 
of the state can look ahead to irrigation 
water and public power as a result of a 
$10,000,000 allotment made last week— 
$4,500,000 as a grant and $5,500,000 as a 
loan. Headquarters is at Hastings. 


Froxma CANAL developments make 
weekly news. With 3,000 men in their 
axe and brush-burning gang that is at- 
tacking the right-of-way, the Army En- 
gineers turn next to excavation. Bids 
asked for next Monday cover 18,000,000 
yd. of loam, clay and sand. 


NesraskA Has FILep a motion in the 
U. S. Supreme Court for appointment of 
a special master in its action against 
Wyoming over the North Platte River 
waters and Casper-Alcova diversion. 


From THE Funo of $262,000,000 al- 
lotted to the Resettlement Administration, 
$30,000,000 is said to be earmarked for 
low cost apartment developments near 
three or four large cities. 


Linxinc Witson Dam with Pickwick 
Dam construction operations by a 110,000- 
volt line, TVA placed the first unit of 
its main power transmission system in 
operation last Sunday. Ultimately this 
system will also connect Norris and 
Wheeler Dams with Wilson Dam at 
Muscle Shoals. 


AFTER SURVEYING water pollution in the 
48 states, a special committee of the Na- 
tional Resources Committee reported on 
Monday in favor of a program of inter- 
state control, and recommended that a 


Potomac Conservancy District, involving 
West Virginia, Maryland, Virginia, Penn- 
sylvania and the federal government, be 
set up as a demonstration and research 
unit. 


In This Issue: 


EXPERIENCE DATA are becoming avail- 
able on the experiments with cotton fabric 
reinforced roads that have been under 
way in some of the southern states for 
several years. South Carolina, first to 
report, finds the method full of promise, 
bituminous surface treatment on both 
roads and bridge floors showing superior 
durability when reinforced with open- 
weave cotton strips. 


CurRENT RESEARCH at Purdue is pro- 
ducing some interesting facts relative to 
hydraulic characteristics of pipes, grid 
systems and weirs as well as significant 
data on the advantages of pre-stressing 
reinforcement in concrete beams and pres- 
sure pipes. Dr. W. K. Hatt reports them 
in the latest of the series on “Research 
Notes.” 


An Eyesar 40 ft. long was subjected 
to repeated stressing above the yield 
point as a part of the tests made by the 
American Bridge Co. in connection with 
the San Francisco-Oakland Bridge. After 
the fourth stressing the yield point was 
92 per cent of the ultimate strength as 
against about 70 per cent initially. Re- 
sults were similar to those from tests on 
small specimens, which has been assumed 
heretofore but never verified. 


A SIMPLIFICATION of the method of ob- 
servation equations has been developed 
by the U. S. Geological Survey for use in 
computing triangulation surveys when 
rectangular coordinates are used. It is 
explained by R. M. Wilson of the Geologi- 
cal Survey. 


Current Prices of Construction Materials 


Precast CONCRETE Pives built with an 
armor belt of air-applied concrete at about 
mid-length, to give added resistance in a 
tidal stream, have been used for the 
Bass River bridge at Yarmouth, Mass. 
The methods of manufacture are de- 
scribed. 


Mucu Has AppgarepD in the newspapers 
about the impregnability to bomb attacks 
of the Treasury Department’s new gold 
depositories. At San Francisco another 
menace was recognized in earthquakes, 
and unusual care was taken in the new 
Mint building to make is as earthquake- 
proof as possible. The design of this in- 
teresting structure is reviewed. 


In WELDING a steel plate floor on a 
new steel truss bridge in Ohio, a number 
of difficulties were encountered from 
shrinkage stresses. Engineers of the 
state highway department describe the 
problems and the final solution in an 
article full of significant suggestions. 


Next Week: 


Tue CONTENTS of next week’s issue 
should have a special appeal to municipal 
engineers and public works officials. As 
now planned, the issue shapes up as fol- 
lows: A description of the new Coney 
Island sewage treatment plant at New 
York, a report by Harrison P. Eddy, Jr., 
on the public cleansing conference held at 
Franfort-am-Main, and its emphasis on 
refuse and garbage, an analysis of recent 
sewage plant developments by Samuel A. 
Greeley, the recommendations of a board 
of consulting engineers relative to San 
Francisco sewage treatment, two pages of 
views of typical municipal projects in 
which PWA funds are being invested, 
articles on driving procedure on the Pasa- 
dena water tunne! and on Tacoma’s well 
water situation and an account setting 
forth the recent Supreme Court decision 
on valuation procedure. 
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Waarever the method employed in constructing a con- 
crete floor, there is one reinforcing material that meets 
all requirements. It is American Steel & Wire Company 
Wire Fabric. This giant backbone of permanence rein- . 
forces the slab in every direction, and that means a long semaine i ane every 
. : : vested construction costs. 
life floor. The closely spaced wire members bind the slab Seuslly inipictent. @ie “hacia”: te 
m@ easily and quickly placed—lays flat—is 
AMERICAN STEEL & WIRE COMPANY convenient to handle. The time and labor 
saving, alone, is a big item. On your next 
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also get perfect service and cooperation. 


AMERICAN STEEL & WIRE COMPANY 


208 S. LA SALLE STREET, CHICAGO + + EMPIRE STATE BUILDING, NEW YORK 


Pacific Coast Distributors: Offices in All Principal Cities Export Distributors: 
Columbia Steel Company, Russ Building, San Francisco United States Steel Products Company, New York 
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FIG. 1—PLACING COTTON FABRIC on tar-primed sand-clay base preparatory to surface treatment 
of hot asphalt and stone on road near Ridgeville, S. C. 


Cotton-Fabric-Reinforced Roads 


Bituminous-surface treatments on both roads and bridge floors in South 
Carolina show superior durability when reinforced with cotton fabric 


ment for bituminous-surface treat- 
ment began to be studied as far 
back as 1926 by the South Carolina 
highway department. The early experi- 
ments were somewhat tentative, but all 
were based on the sound purpose of 
developing additional use for the prod- 
uct that occupies so important a place 
in the agricultural and manufacturing 
activities of the state. As experience 
was gained, experimentation became 
more extensive, and now the practice 
and use of cotton-fabric reinforcing 
have reached a stage of reasonably high 
development. It is the purpose of this 
article to outline this development work 
and the results attained, which are be- 
lieved to be worthy of the consideration 
of highway erigineers. 
The study of the possibility of using 
cotton fabric in  bituminous-surface 
treatment was begun by placing a short 


Cree 6 FABRIC as a reinforce- 


By W. K. Beckham and W. H. Mills 


Maintenance Engineer and 
Testing Engineer, Respectively, 
State Highway Department, Columbia, 8. C. 


section on Route 2 between Chapin and 
Prosperity, S. C. This experiment was 
made on about 200 ft. of road and con- 
sisted of placing cotton favric on the 
previously primed earth base, applying 
hot asphalt over the cotton fabric, and 
covering this materia: wit: about 50 
Ib. of sand per square yard. The fabric 
used weighed, according to the manu- 
facturer, about 7 oz. per yard (40 in. 
wide) ; it was classed as cider duck, as 
it is very similar to an open-weave class 
of goods that is used for making bags 
for hydraulic cider presses. The fabric 
was spread in longitudinally overlap- 
ping strips covering the full width of 
the previously primed surface while the 
tar prime was still sticky enough to 
hold the fabric in place. 


During the first two years that this 
section of road was under traffic, pro- 
gressive edge failures were noticeably 
less than on adjacent sections having 
the same bituminous treatment but with 
no cotton fabric. Subsequent inspec- 
tions made at intervals revealed the 
fact that this section has kept in better 
condition and has required less patch- 
ing than other parts of the project. A 
sample of the treatment was examined 
on June 18, 1935, and the fabric was 
found to be in as good condition after 
nine years’ service as it was when 
placed. 

The results obtained on the first ex- 
periment led to the construction of an 
experimental section on Route 176 in 
Spartanburg County during 1928. For 
this project fabric was used weighing 
4.61 oz. per sq.yd., 36 in. wide with 34 
warp threads and 7 filler threads per 
inch (warp and filling four ply on the 
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FIG. 3—APPLYING HOT ASPHALT with distributor on cloth spread on tar prime 
coat on Ridgeville road; double treatment of asphalt and stone was 


outer 3 ft. of both sides of the road). 
This fabric was placed over the tar 
prime before it had thoroughly dried, 
and hot asphalt was applied at the rate 
of 0.4 gal. per sq.yd. This asphalt was 
covered with stone graded from 1} to } 
in. No failures have originated on the 
edges so treated, although the middle 
portion of the road has cracked and 
in one place the failure after originating 
in the middle spread to the edge. 


Study pushed in 1934 


Experiment 3 was made on Route 38 
in Horry County during May, 1934; it 
consisted of retreating an old bitumi- 
nous-treated road that had cracked 
badly and failed in a number of places. 
The failures were first patched with a 
bituminous mixture, and the retreatment 
was applied on one-half of the roadway 
at a time in order to keep from detour- 
ing traffic. The second half of the road 
was constructed like the first half, 
which was as follows: 

The surface of the old pavement was 
thoroughly broomed and then primed 


with 0.16 gal. per sq.yd. of cutback as- 
phalt. Four of the 34-in. strips of fabric 
were sewed together to form a strip 
10 ft. wide, and this was rolled into 
spools containing about 300 lin.ft. each. 
After the asphalt prime had been ap- 
plied, the fabric was immediately un- 
rolled over it, and then }- to 4-in. stone 
at the rate of 5 to 10 lb. per sq.yd. was 
spread over the cotton to prevent dam- 
age from the distributor wheels. This 
was followed by the application of 0.46 
gal. per sq.yd. of cutback asphalt, which 
was covered with }-in. stone at the rate 
of 35 lb. per sq.yd. Soon afterward 
the stone was rolled with a 5-ton roller. 
It was rerolled the following day with 
the same weight roller, and opened to 
traffic two days later. 

After the road had been opened to 
traffic for about a week, a considerable 
amount of the stone had been whipped off 
the surface, and in some places the 
cotton fabric was exposed. This trou- 
ble was due to wet and damp weather, 
which occurred immediately following 
construction. To avoid damage to the 
fabric, it was covered with an addi- 


tional treatment consisting of 25 lb. { 
#-in. stone and 0.17 gal. per sq.yd. | 
cutback asphalt. This material « . 
mixed in place with a road machi: , 
working one-half of the road at a tin 
It was rolled with a 5-ton roller a: 
opened to traffic two days later. TI 
section is now in excellent conditic 
while adjacent sections of similar su 
facing, without fabric, are cracking a: 
showing signs of progressive failur: 
The fabric used in this experiment w. ; 
more closely woven than that used in 
the former experiments. It weighe: 
about 4.25 oz. per sq.yd., with bot) 
warp ends and fill ends 20 per inc). 
The Cotton Textile Institute cooperate | 
in this experiment and furnished the 
cotton fabric. 


w 


Experiments on bridge floors 


In November, 1934, cotton fabric was 
used in the retreatment of several tim 
ber bridges on Route 17 at Great 
Swamp south of Walterboro, S.C. The 
flooring of these bridges is 3x4-in. 
planks laid on edge; this flooring i- 
flexible under heavy traffic, which has 
made it very hard to maintain a satis 
factory bituminous surface. 

Bridge 1, which is 85 ft. long, was 
treated on the north side only by plac- 
ing cotton fabric over the old surface 
after it had been patched. An applica- 
tion of 0.3 gal. per sq.yd. of cutback 
asphalt was made, and this was covered 
with 15 Ib. of #-in. stone. Another ap- 
plication of 0.3 gal. of cutback asphalt 
was made, and this was covered with 
#-in. stone and rolled. 

Bridge 2 was 220 ft. long, and it was 
treated for the entire width of the road- 
way. The old surface was first patched 
and smoothed, and the cotton fabric 
spread over it. Cutback asphalt was 
applied at the rate of 0.2 gal. per sq.yd. 
and covered with 15 Ib. of 3.8-in. stone. 
These two applications were repeated 
to complete the treatment. The surface 
was thoroughly rolled before any traffic 
was allowed over it. Bridge 3 was 72 
ft. long. The treatment was similar to 
that just described for bridge 2. 

An inspection was made of the sur- 
facing on these bridges in June, 1935, 
and it was noted that it was in good 
condition except where one board had 
worked loose and broken the surface. 
The treatment on either side of the 
crack was being held together by the 
fabric. The maintenance superintendent 
is of the opinion that the cotton fabric 
has reduced the cracking and raveling 
on these bridges. 


This year’s extensions 


Experiment 5 consisted of retreating 
0.6 mile on Route 32 in Beaufort Coun- 
ty, where failures had occurred on a 
road constructed in 1933. Very soon 
after this road was completed it began 
to give trouble, and at the time of the 
retreatment the surfacing was very 
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badly cracked and in some places the 
base was pushing up through the cracks. 
The indication was that complete fail- 
ure would occur unless something to 
prevent it was done immediately. The 
retreatment work was done in March, 
1935, on one-half of the roadway at a 
time in order not to stop traffic. The 
cotton fabric was 60 in. wide and 
weighed about 3.30 oz. per sq.yd., with 
both warp ends and fill ends 7 per inch, 
the yarns being 2-ply No. 7 thread. 
The old surfacing was cleaned of all 
loose material, and the cotton fabric 
was spread with a slight overlap be- 
tween strips. Cutback asphalt at the 
rate of 0.35 gal. per sq.yd. was applied 
and covered with 1}- to 3.8-in. stone, 
which was thoroughly rolled. This was 
followed by another application of 0.35 
gal. of cutback asphalt and 15 Ib. of 
j-in. stone, which was rolled. A third 
application of 0.35 gal. of cutback as- 
phalt and 12 Ib. of 3.8-in. stone per 
sq.yd. followed, and this was thoroughly 
rolled. The retreated road was opened 
to traffic immediately after the last roll- 
ing. An inspection of this surface in 
June, 1935, showed that the base was 
still soft in places, had yielded and was 
out of shape. In some places it had 
been depressed as much as 4 in. below 
the established cross-section of the road, 
but the cotton fabric was still holding 
the bituminous surface together. 
Experiment 6 was constructed on 
Route 53 in Florence and Sumter coun- 
ties on June 12, 1935. It consisted of 
bituminous surfacing reinforced with 
cotton fabric on an untreated timber 
bridge 796 ft. long. An adjacent bridge 
of similar construction across the same 
stream was surfaced with similar sur- 
facing except that no cotton fabric was 
used. The surfacing on both sides was 
in excellent condition at the time of the 
inspection on June 14. Another inspec- 
tion was made on August 14, and at this 
time numerous cracks were found on 
the bridge where the surfacing was not 
reinforced with cotton fabric, but no 
cracks were found on the bridge where 
the surfacing was reinforced. 
Experiment 7 consists of using cot- 
ton fabric as reinforcement in bitumi- 
nous retreatment on several sections of 
Route 221 between Spartanburg and 
Chesnee. This work was done in July, 
1935, while the highway between these 
two cities was being retreated. Cotton- 
fabric reinforcement was used only on 
sections that had begun to crack and 
showed signs of failure. The total 
length of these sections is about 3 miles. 
Experiment 8 consists of using cotton 
fabric as reinforcement on sections of 
state project 863 on Route 27 near 
Ridgeville, S. C. The work was done 
on Aug. 1 and 2, 1935. Project 863 is 
a double-bituminous treatment on a 
sand-clay base primed with tar. The 
subsoil for about 4 ft. is a sandy loam. 
The sand clay for the base contains 
about 3 per cent retained on a 10 screen, 
60 per cent retained on a 60 screen, 5 
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per cent silt and 17 per cent clay; it is 
about 8 in. thick when compacted. 

The tar prime was applied at a rate 
of 0.31 gal. per sq.yd. After the prime 
was thoroughly dried, the cotton fabric 
was spread the full width of the treat- 
ment immediately preceding the appli- 
cation of 150-200 penetration hot as- 
phalt. The fabric was placed on two 
quarter-mile sections; between the rein- 
forced sections as well as on each end 
the road was surfaced without fabric 
for comparison. The fabric was also 
placed on a sharp curve. The fabric 
was 60 in. wide, and four widths were 
placed with about a 4-in. lap; the total 
width thus placed was about 19 ft. The 
fabric was rolled out longitudinally, lap- 
ping about 4 in. between strips; all of 
the wrinkles were smoothed out, and 
the cloth was tacked down with small 
wire fence staples. The total cost of 
placing the fabric was $22.05, of which 
$21 was for labor. The cost per square 
yard for placing was $0.0032. The cost 
of fabric was $0.066 per square yard. 
The total cost per square yard of the 
fabric in place was $0.692. This fabric 
weighed approximately 3.30 oz. per 
sq.yd., with both warp ends and fill ends 
7 per inch, yarn 2-ply No. 7. After 
the fabric was placed, an average of 
0.53 gal. per sq.yd. of 150-200 pene- 
tration hot asphalt was applied, and 
this was covered with crushed stone at 
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the rate of 48 Ib. per sq.yd. and imme- 
diately rolled. 

An inspection of this work was made 
on Aug. 13. At this time it appeared 
that the stone was equally as well em- 
bedded on the reinforced sections as on 
those sections where no fabric was 
used. A seal consisting of about 17 Ib. 
of 4-in. stone and 0.3 gal. of cutback 
asphalt per sq.yd. is yet to be applied 
before the construction is complete. 


Conclusions 


Several kinds of fabric have been 
used in these experiments. For future 
work, however, a fabric with warp ends 
from 12 to 17 per inch and fill ends 
from 12 to 17 per inch, weighing about 
4.25 oz. per sq.yd., is recommended. 

Based on the results obtained on ex- 
periments conducted prior to 1935, it 
appears that cotton fabric used as a 
reinforcement in bituminous-surface 
treatment reduces cracking, raveling 
and failures. When the fabric is prop- 
erly embedded in bituminous material, 
it is well preserved. In one instance, 
fabric which has been down for nine 
years is still in good condition. 

The experimental sections constructed 
this year should give very valuable ad- 
ditional information, as a number of 
different methods of construction have 
been included. 


Ball-Bearing Turning Points Used 
for Accurate Leveling Along Highways 


By E. J. Helin 
U. 8. Coast and Geodetic Survey, 
Washington, D. C. 


NE of the most important factors 

in precise leveling operations is to 

have solid, well-defined turning 
points for the leveling rods. The adapta- 
tion of ball bearings for turning points 
has been tried by the U. S. Coast and 
Geodetic Survey with results that have 
been highly satisfactory. Previously, in 
work along highways, the practice had 
been to use 14-in. steel pins driven into 
the ground until they became firmly set, 
but difficulty has been experienced with 
the instability of pins when driven into 
certain kinds of soil. 

At the writer’s suggestion that ball 
bearings might be used to advantage 
for turning points, the method was 
given an experimental test on a line of 
second-order levels along a concrete 
road between Tionesta and Oil City, Pa. 
Distinct advantages were manifest in 
both speed and accuracy. All of the 76 
leveling parties of the Survey have now 
been directed to use this method when 
working along paved highways and 
streets. 

In applying the method the rodmen 
are equipped with #-in. steel ball bear- 


ings and a geologist’s hammer which 
has a well-tempered shaped point. With 
one stroke of the hammer an indentation 
is produced in the concrete to hold the 
ball in a stable position; and as ball 
bearings of good quality are manufac- 
tured with a high degree of precision, 
they can be replaced in the indentation 
without any loss of accuracy. 

The use of the ball bearings for turn- 
ing points has a number of advantages. 
The top of the ball is a very definite 
high point on which the rod can be ac- 
curately placed; if the ball is removed 
from the indentation by a passing car, 
a new ball can be inserted in the same 
spot without introducing an error. Ona 
party where there are two rodmen the 
forward rodman has very little material 
to carry with him. Eight or ten small 
balls and a light hammer can be his 
equipment for the turning points in 
contrast with the former burden of 
heavy pins and a large hammer for 
driving them into the ground. The 
forward rodman leaves the ball in the 
indentation made in the concrete and 
indicates the spot with chalk or crayon 
in order that the rear rodmen may easily 
identify the point later in case the ball 
is lost. 
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Current Research Work at Purdue 





FATIGUE TESTING of cement-mortar 
specimens as part of a comparative study 
of a blended and a normal cement. 


at Purdue University, both in 

hydraulics and in materials test- 
ing, is not spectacular, and such work 
as is carried out is undertaken on the 
individual initiative of members of the 
teaching staff or sometimes in co- 
operation with industries of the state. 
Except in railroad research, which is 
supported by large funds, there is no 
special corps of investigators. The 
hydraulic laboratory is housed in a 
building about 130 ft. long and 45 ft. 
wide. Located on the first floor are 
six pumping units with a range in 
capacity of 40 to 10,000 g.p.m., a con- 
crete channel about 100 ft. long for 
calibrating current meters, a concrete 
channel 6 ft. deep and from 5 to 8 ft. 
wide which discharges into a weighing 
tank of 20 tons capacity, apparatus for 
measurement of friction heads in pipes, 
various weighing tanks and scales and 
a workshop. The second floor is in the 
form of a balcony, 15 ft. wide, extend- 
ing around the four sides. It accom- 
modates a number of orifice and weir 
tanks, apparatus for testing water me- 
ters, hydraulic rams and appurtenances, 
impulse and reaction turbines, demon- 
stration apparatus and an office. Water 
is recirculated from a reservoir located 
below the first floor. 

The laboratory for testing materials 
includes special rooms for steel, cement, 
concrete and road materials. A con- 
stant temperature fog room is provided 
for researches in cement and concrete. 


‘io EQUIPMENT for research 





Zeiss photo-elastic equipment is at ha id 
for studies of stress distribution in 
models. The laboratory is equip;ed 
with precision instruments for delic. te 
measurements of scientific research and 
with testing machines for the deterni- 
nation of physical properties of mate- 
rials of construction. Larger machines 
are available for tests on manufactured 
products. 

The following brief abstracts cover the 
most significant of the investigations cur- 
rently under way: 

Blended Cement — Studies have re- 
cently been completed of the physical 
properties of mortars and concretes 
manufactured from both a normal 
portland and a blended cement, prepared 
by the manufacturers by blending three 
volumes of normal portland with one 
volume of natural cement. Such physi- 
cal characteristics of the two cements 
were studied as strength (tension, com- 
pression and flexure), modulus of elas- 
ticity, plastic flow, expansion and 
contraction, resistance to fatigue and 
durability. The program involved the 
manufacture of 1,200 test specimens and 
included in its entirety about 40,000 
scientific observations. A complete 
record of the tests is reported in Purdue 
Engineering Experiment Station, Bul- 
letin No. 47, by R. E. Mills and R. B. 
Crepps. 

Prestressed Concrete Beams — A 


MEASURING plastic flow (left) in a 
6x24-in. concrete cylinder by means of a 
strain gage. 


PRESTRESSING hoop reinforcing (below) 
in a 42-in. concrete pipe, using an air drill 
as a wrench and an extensometer to measure 
strain. Steel is coated to prevent bond. 
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program of tests is now under way on 
small precast reinforced Haydite con- 
crete beams in which the bond between 
the tension rod and the concrete has 
been destroyed, thus permitting the 
rods to be prestressed in tension and 
the concrete in the lower part of the 
beam in compression, before the beams 
are loaded. Comparative loading tests 
have been conducted on: (a) a con- 
ventional beam that had adhesive bond 
between the steel and concrete for both 
the top g-in. rods and the bottom }-in. 
rods; and (b) a beam of the same 
design with the bond of the bottom rod 
destroyed. The 3x8-in. cross-section of 
both beams is dumb-bell shaped. The 
weight of one of the beams on a span 
of 11 ft. was 186 lb. 

For prestressing, the ends of the 
tension rod are upset and threaded for 
oversize nuts. The rods are then coated 
with a special preparation of Parowax 
and Petrolatum. Suitable bearing plates 
are cast in the ends of the beam. Pre- 
stressing of the tension rod produces 
initial compression in the lower face of 
the concrete beam and tension in the 
upper face and bonded rod. 

Loading tests of a prestressed beam, 
which had an initial steel stress of 
11,707 lb. per sq.in., showed tension 
cracks in the lower face of the con- 
crete beam at a load of 2,332 Ib., 
while a conventional beam showed ten- 
sion cracks at a load of 732 lb. A 
preliminary report of similar tests was 
reported in ENR, Sept. 13, 1934. 

Prestressed Concrete Pipes — Studies 
have also been made to determine the 
stresses in the steel and concrete in 


APPARATUS (at right) used to measure 
the discharge of various liquids through 
orifices and weirs. 


TEST SET-UP (below) for measuring pres- 
sure losses in grid systems in which pipes 
are represented by copper tubes connected 
to siphons that discharge into tin cans. 
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DETERMINING hydraulic characteristics of perforated pipes such as are used for 
The ideal sought is an equal distribution of discharged water. 


filter laterals. 








three prestressed reinforced - concrete 
pipes of 30-, 42- and 60-in. sizes. All 
of the rods were prevented from bond- 
ing with the concrete by the use of 
suitable coating materials. The in- 
vestigation included strain-gage meas- 
urements for the determination of: (1) 
the stresses developed in the concrete 
by different amounts of rod tightening; 
(2) the behavior of the pipes under 
internal fluid pressure; and (3) the 
resistance of the 60-in. pipe to external 
loading after the pipe had been cracked 
in a hydrostatic test. The investigation 
is reported in Purdue Engineering Ex- 
periment Station Bulletin No. 46, by 
R. B. Crepps. 

Orifice and Weir Discharge—An in- 
vestigation to determine the effect of 
the physical properties of fluids upon 
the discharge from circular orifices and 
triangular weirs is currently under 
way. Four circular orifices, ranging 
in diameter from 0.5 in. to 2 in., and 
three weirs, 30, 60 and 90 deg., are 
being used. The liquids employed are 
water, soap emulsions, sugar solutions 
and oils. 

The arrangement of the appartus 
is shown in one of the accompanying 
illustrations. Circulation, maintained by 
a centrifugal pump, is from the storage 
tanks on the first floor to an elevated 
constant-head tank (not shown in the 
photograph), to the combination orifice 
and weir tank on the second floor, and 
then through wasteways or the dis- 
charge tank back to the storage basins. 
A telescopic attachment to the vernier 
of the piezometer scale permits read- 
ings of the head to 0.0001 ft. Measure- 
ments of the discharge, temperature, 
viscosity, density and surface tension 
are made in the usual manner. The 
angles of the several notches and the 
forms and sizes of the streams issuing 
from all the various openings under test 
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are determined from screen enlarge- 
ments of photographs. The orifice and 
weir investigation is in charge of Prof. 
F, W. Greve. 


Filter Laterals—A series of investi- 
gations has been conducted by Prof. 
W. E. Howland to determine the vari- 
ous hydraulic characteristics of perfo- 
rated pipes in order to perfect a method 
of design of such pipes, to effect an 
equal distribution of discharged water. 
The method may be adopted either to 
variable spacing or variable sizes of 
orifices. It is now possible to predict 
satisfactorily the pressure-distribution 
curve along the pipe. The method of 
analysis has been shown to yield an 
equation identical in form with that 
developed for the design of the ventila- 
tion ducts of the Holland Tunnel under 
the Hudson River at New York. Re- 
sults on single and double holes have 
been published. 


Pressure Losses in Grid Systems— 
Two methods for the estimation of head 
losses in complicated grid systems have 
been developed by Professor Howland, 
one a geometrical method using mov- 
able cardboards, and the other a model 
in which the individual pipes are rep- 
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resented by small siphons, each fitted 
with a 2-in. length of 4-in. copper tube 
placed in a rubber stopper in one end 
of the siphon. The end of the tube is 
squeezed while discharging a predeter- 
mined flow of water in the calibration 
apparatus until the desired relation be- 
tween head loss and flow is obtained for 
that siphon. 

When each of the siphons is ad- 
justed in this manner so that it will 
represent the various pipes of the sys- 
tem, they are assembled in the correct 
pattern merely by placing them (when 
full) over the edges of filled tin cans. 
Flows in or out of the system at a num- 
ber of places may readily be accommo- 
dated as well as one or more reservoirs 
floating on the line. It has been shown 
that the copper tube in the siphon, when 
partly squeezed, has just about the same 
hydraulic characteristics as is implied 
in the Hazen-Williams formula for pipe 
flow—i.e., the flow is proportional to 
the 0.54 power (or a little less) of the 
head loss. Owing to this fortunate cir- 
cumstance, very precise results have 
been obtained with the apparatus. 


W. K. Hartt, 


Head, School of Civil Engineering, 
Purdue University, Lafayette, Ind. 


Repéated Load Tests on Full-Size Eyebar 
Check Results on Small Specimens 


By H. D. Hussey and C. E. Loos 


Assistant Engineer and 
Assistant Mechanical Engineer, Respectively, 
American Bridge Co. 


Ah San Francisco-Oakland Bay 
Bridge will contain 1844 high- 
tensile-strength eyebars having a 
specified minimum yield point of 50,000 
Ib. per sq. in. and 992 annealed eyebars 
having a specified minimum yield point 
of 33,000 Ib. per sq. in. 

Orders for eyebars customarily in- 
clude a small percentage of full-size test 
bars that are tested to destruction. 
These test bars are selected to represent 
as nearly as possible the various sizes 


of permanent bars. They are made 
with full-size forged heads and pin 
holes and are treated in exactly the 
same way as the permanent bars. For 
this bridge 112 such bars are being 
tested. 

The usual records of full-size tests 
include yield-point and tensile strength, 
percentages of elongation and reduction 
of area, and nature of fracture. On 
several of the test bars for this bridge, 
at the request of the state engineers, 
stress-strain readings were taken by 
means of extensometers, in order to 
study the characteristics more closely. 
Also, one of the high-tensile-strength 


HYSTERESIS LOOPS on the stress-strain diagram of a 16x2-in.x40-ft. eyebar sub- 
jected to repeated loadings above the yield point. 
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eyebars 16x2in.x40 ft. long was - ,))- 
jected to a repeated-load test dui ng 
which the stress was raised about 8 «; 
cent beyond the yield point into |e 
plastic range and was then fully -. 
leased. This test was repeated t! ce 
times with a rest of seven days betw en 
such loadings. Extensometer read: «; 
were taken for each loading during {¢ 
period of applying the load and du: 1g 
the period of releasing it. After {e¢ 
fourth loading the eyebar was teste: to 
destruction. The physical proper: «; 
of this eyebar, as compared with jc 


specification requirements, are a; 
follows : 
Specifi 
catio: 
Test (Min. 


Tensile strength, lb. oe in. 82,400 80,000 
Yield point, lb./sq.in. ... 58, 500 50, 000 
Elongation in 18 ft., per 


cent at failure ... 10.8 8 
Reduction of area, per 
cent at failure ... 51.4 35 


The results of the extensometer read- 
ings, shown in the accompanying draw- 
ing, are characteristic of similar tests 
made on small specimens of ordinary 
structural steel. The yield point was 
increased with each successive loading, 
but there was no change in the tensile 
strength. On the fourth loading the 
yield point was 92 per cent of the ultimate 
strength. The fact that an overstress of 
only 8 per cent beyond the yield point 
on the first loading produced a perma- 
nent set of 1.14 per cent is of interest. 
During the intervals between loadings 
there was a recovery of less than 1 per 
cent in the amount of permanent set. 

The curves show the hysteresis loop- 
ing that is common in tests of this kind. 
(The second loop is wider than it 
should be because of mechanical diffi- 
culties in the testing apparatus.) Such 
looping is due to the apparent absence 
of a definite proportional limit after the 
first loading. Timoshenko and Lessells 
(“Applied Elasticity,” 1925, p. 392) find 
that the location of the proportional 
limit depends upon the time interval 
between loadings. For an interval of 
10 min. they found no apparent propor- 
tional limit, but after 21 days the mate- 
rial had nearly completely recovered its 
elasticity and the proportional limit 
was near the yield point. 

Repeated-load tests of this character 
have often been made on small speci- 
mens, but it is believed that this is the 
first test of its kind to be made on such 
a large member. The physical charac- 
eristics exhibited by this high-tensile- 
strength eyebar are similar in every 
way to those shown by small specimens 
of ordinary structural steel. 

The San Francisco-Oakland Bay 
Bridge is being built under the direction 
of C. H. Purcell, chief engineer, Chas. 
E. Andrew, bridge engineer, and Glenn 
B. Woodruff, engineer of Design. The 
Columbia Steel Co. has the contract for 
the superstructure of the entire bridge. 
The eyebars were fabricated and teste‘ 
by the American Bridge Co. at its Am- 
bridge, Pa.. plant. 
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Triangulation Adjustments in 
Plane Coordinate Systems 
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Simplification of the method of observation equa- 
tions applied in the computation of triangulation 
surveys where rectangular coordinates are used 


By R. M. Wilson 
. Chief, Section of Computing. 
U. S. Geological Survey. Washington, D. C. 


ated with rectangular coordinates 

seems ready now to assume a more 
prominent place among the divisions of 
surveying. Plane coordinate systems 
adapted to state-wide areas have been de- 
veloped and there is promise that the posi- 
tions of triangulation stations in the first- 
order control surveys of the United 
States will be available soon, expressed 
in terms of rectangular coordinates. 
This will increase the effectiveness of 
triangulation as applied to local proj- 
ects generally, and, as a minor result, 
interest will be stimulated in adjustment 
methods. Adjustments of observations 
are necessary not only as a means of 
distributing properly the unavoidable 
observation errors within the local sur- 
veys, but also to fit the local schemes 
themselves into the best agreement with 
the fundamental triangulation. 

Through natural association with 
elaborate and extensive first-order arcs 
of geodetic triangulation, least-squares 
methods of adjustment are perhaps 
blamed for many of the complexities 
for which geodetic coordinate computa- 
tions are really responsible. These 


VEE Bias wits rectanges as it is associ- 


- methods are of course useful in adjust- 


ing the observations of carefully made 
local surveys, and in connection with 
platie rectangular coordinates they ap- 
parently become less intricate. The 
method of observation equations seems 
particularly suitable for work of this 
kind. 

There are several variations among 
the methods of least squares as applied 
to the adjustment of triangulation. 
Their purpose is generally threefold: 
(1) to obtain the particular values in 
the results that are probably nearer to 
the truth than any other values obtain- 
able from the same given field notes; 
(2) to eliminate all mathematical dis- 
crepancies in the results, so that all tri- 
angles will close properly and so that 
each between-station distance will have 
but a single value no matter what chain 
of triangles is used to compute it; and 
(3) to make the new triangulation fit 
the lengths of measured or fixed bases, 
prescribed azimuths, or fixed positions 
of stations previously established. 

The method of observation equations 
is not a new one, but it is not as well 
known as the method of condition equa- 


tions. It has been avoided because of 
its awkwardness when the triangulation 
is computed in terms of geodetic coor- 
dinates. A suggested simplification of 
this method, when used with rectangu- 
lar coordinates, is the subject of the dis- 
cussion to follow. This type of adjust- 
ment is known also as the method of 
variation of coordinates. It is particu- 
larly adapted to fitting in new stations 
among a number of fixed stations that 
have been previously established. In the 
example given, an oddly arranged figure 
has been selected purposely in order to 
show the flexibility of the method. Ii 
the new net of triangulation is too large 
to adjust in a single solution, succes- 
sive groups of stations may be adjusted 
separately, although theoretically this 
does not give the best results. 

It is interesting to note that if a three- 
point location is made with additional 
sights as checks, this method of adjust- 
ment by variation of coordinates fur- 
nishes the means to determine the result 
that includes the influence of all the 
sights taken. From this point of view, 
such a location might more prop- 
erly be called an adjusted “n-point re- 
section.” 


Procedure in brief 


Briefly outlined, the solution is con- 
ducted as follows: 

Approximate coordinates are obtained 
for each new station by any convenient 
preliminary computation. 

Directions of lines between these as- 
sumed positions are then accurately 
computed and compared with the ob- 
served directions, and the differences 
noted. 

In order to reduce these differences, 
equations are prepared to show the 
changes of direction of the lines in 
terms of changes in the assumed posi- 
tions of the stations. Then these equa- 
tions are used, through the medium of 
least squares, to find how the approxi- 
mate coordinates should be corrected, 
in order to cause the computed direc- 
tions of lines between the positions to 
swing into the closest general agree- 
ment with the observed directions. 


Method of computation 
The method may best be illustrated by 


a numerical example. In the figure, sup- 
pose that stations A, B and C are estab- 
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lished stations fixed in position. Their 
given coordinates are: 


y 
127.15 
873.50 
492.37 


Xx 
310 932.27 714 
320 585.92 726 
331 522.21 724 


Suppose further that the observed 
angles of the new triangulation are rep- 
resented by the following lists of direc- 
tions: 

TABLE | -OBSERVED DIRECTIONS 


Station Station 
From A From D 

B 315° 44 30. : B 122° 11° 33 

D 353 46 14. Cc 195 43 56.05 

E 27 +19 58. E 0 00 00.00 
From B From E 

Cc 0° 00’ 00. D 0° 00’ 00.00” 
D 38 «#12 09. Cc 6 48 02.60 
E 64 57 57. 4 270 26 06.57 
A 114 51 14, B 328 57 19.53 


Sta. D and E are to be given adjusted 
positions by the observed angles, just 
listed, between the solid lines indicated 


RELATION OF POINTS in a triangulation 
net in which the positions of points D and 
E are to be adjusted. 


at four of the five stations in the figure. 
Sta. C was not occupied. By a pre- 
liminary computation not given here, 
using convenient angles selected from 
the observed lists, assumed values have 
been obtained for the coordinates of 
Sta. Dand E. These values are 

y 
718 510.06 
709 522.80 


x 
D 327 483.28 
E 324 511.66 


Assumed azimuths 


The difference in X from A to B is 
+9 653.65, and the difference in Y is 
{12 746.35. Since the azimuth, Z, is 
measured clockwise from the negative 
direction of }, it will be seen that 


+ 653.65 


from which Z = 


217° 08’ 20.55”. 


tanZ = 

+ 12 
Also the grid azimuth from B to A is 
37° 08’ 20.55”. 

Similarly, compute the azimuths of 
the other lines in the assumed figure. 
Note that lines A-B and B-C are be- 
tween fixed points; therefore their azi- 
muths will not be changed by the ad- 
justment. Other lines of this figure 
will be subject to correction in azimuth 
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when the assumed coordinates of the 
new stations, D and E, are adjusted. 
Tabulate these assumed grid azimuths 
in Table 2, column II. For the three 
sights marked by asterisks, the azimuths 
are fixed. 


Observed azimuths 


The next step is to orient the ob- 
served lists of directions into lists of 
unadjusted or observed azimuths and 
enter them in column IV of Table 2. 
Consider the lists of directions given 
in Table 1 to be the results of the field 
observations, with reductions to center 
completed and with station horizon 
closures adjusted. Clearly, if the sights 
from fixed Sta. A are to be oriented 
into azimuths, the direction from A to 
B should be given the value of the pre- 
scribed fixed azimuth. Note that the 
observed direction to B needs —98° 36’ 
10.22” to swing it into agreement with 
the fixed azimuth. So apply this same 
amount to all three observed directions 
to orient the list, and enter the results 
in column IV of Table 2. The values 
of the observed angles are not disturbed 
by this orientation, so that the list still 
represents the observations with undi- 
minished fidelity. 

At the fixed Sta. B, the difference 
needed to orient the list according to 
the fixed line B-A is —77° 42’ 54.22”. 
But according to the fixed line B-C it 
is —77° 43’ 00.62”. Use the mean of 
these two values (—77° 42’ 57.42”) to 
orient the list, and as before enter the 
resulting angles in Table 2. If sights 
over other fixed lines were taken, there 
would be other values to include in find- 
ing the mean. 

The directions from the new Sta. D 
can be oriented by using any one of the 
three assumed azimuths given in col- 
umn II, Selecting the one from D to B, 
note that +-18° 17’ 41.50” is needed as 
the amount to apply to all three direc- 
tions. The observed directions from new 
Sta. E are oriented in a similar manner. 

It will be noticed in this example that 
the angles at A between the lines to B, 
D and E, and also the angles at B be- 
tween the lines to D, E and A, are ex- 
actly the same in both the assumed and 
the observed lists. The reason is that 
the observed values of these angles were 
used in making the preliminary compu- 
tation from which the assumed coordin- 
ates of D and E were obtained. This 
condition would not appear had the 
assumed coordinates been obtained by 
some other means. 


Distributing the differences 


The differences (assumed azimuth— 
observed azimuth) are next written 
down in column III of Table 2. The 
purpose of the adjustment is now to re- 
duce and distribute these differences in 
a manner more generally satisfactory to 
all of the available observations. The 
adjustment is to be made by finding 
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TABLE 2—AZIMUTHS 





| II | Ill 
Assumed 
Stations Assumed Minus 
Azimuth Observed 
From A to 
B* 217 08 20.55 (*) 
D 255 10 04.17 0 
E 288 43 48.74 a 
From B to 
c* 282 16 59.38 (—3. 20) 
D 320 29 14.90 +3.20 
E 347 15 03.65 +3.20 
A* 37 08 20.55 (+3. 20) 
From D to 
B 140 29. 14.90 0 
Cc 214 O1 30.28 —-7.27 
E 18 17 46.93 +5.43 
From E to 
A 108 43 48.74 —1.95 
B 167 15 03.65 0 
D 198 17 46.93 +2.81 
Cc 205 05 40.69 —6.03 


*Directions not subject to adjustment. 


corrections to the assumed coordinates 
of the new stations. There are two co- 
ordinates to express the position of 
each station; therefore there are two 
corrections to be found for each new 
station in the figure. There are, actu- 
ally, additional unkown quantities rep- 
resenting corrections to the arbitrary 
orientations of the observed lists, one 
for each new station, but these will not 
appear prominently in the solution. 

It is a simple matter to write an 
algebraic equation for any line to show 
its change in azimuth due to small 
changes in the coordinates of its ends. 
By means of equations of this kind it 
is possible to see how changes in the 
coordinates of the new stations will 
affect the differences between the as- 
sumed and the observed azimuths. 
These are observation equations (lack- 
ing symbols for the residuals and 
orientation corrections), and they may 
be solved simultaneously by the method 
of least squares. The solution furnishes 
the most probable values obtainable for 
the required corrections, which are ap- 
plicable to the assumed coordinates at 
the new stations. 

Let (AXp) and (AYp) be symbols 
for the corrections to the X and Y co- 
ordinates, respectively, of the assumed 
position of Sta. D. Also, let (AXxr) 
and (AYx) be the corrections to the 
assumed coordinates of E. Grid azi- 
muth is represented by Z; let AZ be 
the change in azimuth of the line due 
to the corrections to the coordinates of 
its ends. Then for the line D to E: 


al AXp) + b( AYn) + c( AXx) 
+d(AYr)— AZ=0 


In this equation a, b, c and d are 
numerical coefficients depending upon 
the length and azimuth of the line. In 
the following formulas Z is taken as 
the azimuth from the end of the line 
where the coefficients a and b are re- 
lated toward the other end. 


kcosZ 


axn-eoeoeoeo CO = 


ssin 1” 


k cos?Z 
(Yex— Yo) sin 1” 


=—C 








IV v | VI 
C's 

Observed Adjustment Adjuste: 

Azimuth Corrections Azimut 
217 08 20.55 ae 217 08 20 55 
255 10 04.17 —2.73 255 10 G1 44 

288 43 48.74 2.13 288 43 4 
282 17 02.58 282 15 5° 38 
320 29 11.70 +1.35 320 29 | ) 
347 15 00.45 + .28 347 15 00 73 

37 08 17.35 37 08 2% 
140 29 14.90 1.85 149 29 | 5 
214 O1 37.55 2.47 214 O1 35 08 
18 17 41.50 1,69 18 #17 «39 8 
108 43 50.69 4.08 108 43 46 6! 
167 15 03.65 2.92 167 15 00.73 
198 17 44.12 4.31 198 17 39.8) 
205 05 46.72 8.37 205 05 38.35 

ksinZ ksin?Z 
nites te tS Rite a — 
ssin 1” (Xe-- Xp) sin1” 


These coefficients may be computed 
from the length of the line, s, as i. 
shown in the first forms of the formu- 
las, but the lengths of the lines in the 
figure have not yet been determine: 
It may be easier, therefore, to use t! 
differences in Y and in X between thi 
ends of the lines as is shown in t! 
second forms of the formulas jus: 
given. These X and Y differences ar 
already available because they we: 
used in computing the grid azimuth 
for the assumed figure. 

The arbitrary constant, k, is to con- 
trol the size of the coefficients for con- 
venience in computing. The same valu 
for k is used throughout the solutic 
and has the effect of using a unit o! 
length which is k ft. long. The value 1 
use for k depends roughly upon th 
average length of the lines used in tly 
triangulation being adjusted. By «4 
glance at the diagram or plat of tl 
figure, estimate the length in feet of a: 
average line. Divide this average length 
by 200,000 and choose the result to th 
nearest single significant figure as tli 
value for k, In the present example it 
is convenient to choose k= .05. This 
means that the solution will be carried 
out in units equal to .05 ft. Log sin 
1” = 4.6856, so that in this example 


k 
log =>; = 4.0134. For the line D to | 


the computation of coefficients is as 
follows: 


2 log cos 2 = 9.9549 
colog (Y¥Ys-——- Yp) = 6.0464 
log k/sin 1” = 4.0134 
loga = 0.0147 

a= + 1.0344 

c = — 1.0344 


2 log sin Z = 8.9938 
colog(Xz—- Xv) = 6.5270 
log k/sin 1” = 4.0134 


log b = 9.5342 
b = — 0.3421 
d= + 0.3421 


Note that the values of a, b, c and / 


WM 


art 


ce 








Ow PF ao 


id d 


are required only to five significant fig- 
ures at the most, so it is not necessary 
for this purpose to use Z any closer 
than to the nearest minute of angle, or 
to use the coordinate differences to 
more than five significant figures. There 
are two general rules that may aid in 
determining these coefficients. It will 
be found in all cases that the sign of a 
will be plus if, from the station where 
a and b apply, the line in question is 
directed into either of the southerly 
grid quadrants; b will be plus if the 
line lies in either of the easterly grid 
quadrants from the same station where 
a and b apply. It will be found also 
that a == —c, and that b == —d. There- 
fore, the coefficients need be computed 
for the terms relating to only one end 
of the line; those for the other end of 
the line are the same figures written 
with opposite signs. In the computation 
just made the line is in the southwest- 
erly quadrant from D, therefore a is 
plus, b is minus, c is minus, and d is 
plus. If the equation relates to a line 
one end of which is at a fixed station, 
two terms of the general equation will 
drop out because no position correc- 
tions will be computed at the fixed end 
of the line. 

Similar equations are computed for all 
the directions to be adjusted. Except 
for lines between fixed stations, there 
will be an equation for each end of lines 
observed in both directions and but one 
equation, for the observed end, for each 
line observed in one direction only. The 
equations for observations at the two 
ends of the same line will be the same 
except for their absolute terms. 

If the corresponding differences as 
listed in column III of Table 2 are now 
substituted into the equations in place 
of the —AZ’s the observation equations 
will be ready for solution. According to 
rigorous mathematics, the observation 
equations, to be fully expressed, require 
additional terms for the residuals, the 
corrections and the <mall amounts 
of re-orientation. But as these do not 
appear actively in the numerical solu- 
tion, they are omitted from the discus- 
sion for the time being to avoid confu- 
sion. 

In the example the equation for the 
direction from D to E becomes: 


+ 1.0344 ( A Xp) — 
—1.0344( aXe) + 


.3421( AYp) 
.3421( AYx) 
+5.43 =0, 


When the equations are computed, they 
are entered in Table 3. Note that each 
numerical coefficient is written in the 
column headed by the correction symbol 
with which it belongs. This is the usual 
form for the tabulation of observation 
equations, from which the normal equa- 
tions are formed. The number of nor- 
mal equations to be formed and solved 
is always twice the number of new sta- 
tions in the figure when this method of 
adjustment is used. Additional lines in- 
cluded in the figure require more ob- 
servation equations, but the number of 
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TABLE 3—OBSERVATION EQUATIONS 


| il } IV 
At Station D | 
¢ orrections (AXp) | (AYp) | 
Units —-|— | 
| sft. =| —1.08e8 | 44.3933 | 
From Ato | } | 
2 dD + .1542 5822 
3 E 
| From B to 
4 | D . 7338 6053 
5 | E | 
| From D to 
ti B 7338 6953 
7 el 1. 1839 + .7998 
8 E +1.0344 | 342) 
9 | (.57735)% - .5100i | 06852i 
| From E to 
10 | A 
1 B 
12 D 1.0344 .3421 
13 Cc 
14 ( - 50000)s 4 5172G | Wh 
=a | D, sum 8833 | 1496 | 
lo | E,sum + 1.0344 3421 | 


normal equations is not increased. The 
number of normal equations is not in- 
creased by including ties to additional 
fixed stations, but more columns would 
be needed in Table 3 if there were more 
new stations in the figure. 

At new stations the observed lists of 
directions were oriented into approxi- 
mate azimuth in a somewhat arbitrary 
way. The solution must therefore pro- 
vide for a small re-orientation in order 
that the arbitrary orientation will not 
affect the results. This is accomplished 
by a mathematical short cut in the fol- 
lowing manner. For each new station, 
add all regular observation equations 
tabulated for that station, and write the 
sum equations below Table 3 for future 
reference. Multiply the terms of each 


eon ; a 
,or V—1 , it 
1 " \ i - 


which 7 is the number of equations added 


sum equation by Y 


to get the sum equation. Values of \— 
n 
are given, for convenience, as follows: 

rh it 

V n V n 

2 70711 6 . 40825 

3 . 57735 7 . 37796 

4 . 50000 8 35355 

5 . 44721 9 . 33333 
When the sum equation has been 
multiplied by the appropriate factor, 


write the symbol i | after each term to 
indicate that it pay also be multiplied 
by V—l. Enter this reduced sumequa- 
tion in the table along with the others 
for the station to which it relates (see 
lines 9 and 14, Table 3), and include it 
in the solution. There will be such an 
equation for each of the new stations. 
It will be found that in forming the 
normal equations the “i terms” are al- 
ways squared or are multiplied by an- 
other one. In either case, whether in 
square or in product, the effect of the 
presence of i will simply be to change 
the sign that would otherwise be ex- 


Vv | VI Vil 


———$—$——— i _ 


At Station E 
! Assumed | 


(AXe) | (AYa) Minus Check 
; Observed 
+4.8335 | +1.4940 | | 
| 
0 | + .4280 
2311 o8il | 0 + .9122 
+3. 2000 | 1. 8609 
5655 1289 | +3.2000 | —2.5065 
0 | +1.3391 
7.2700 +7.6541 
1.0344 + .3421 +5. 4300 5. 4300 
59721 | + .1975: | 1.06234 + 2.0572 
2311 6811 | 1.9500 + 2.8622 
5655 | . 1280 0 | + 6935 
1.0344 3421 | +2.8100 | 2. 8100 
5649 .2047 | 6.0300 +6. 3302 
1. 1979: W012i | 2.58508 | +3. 5380% 
1.0344 3421 | 1.8400 + 3.5632 
2.3959 2023 5.1700 +7.0759 


pected in the squares or products of 
such terms. Thus —.5100i squared will 
be —.2601. The term +-.5172i, when 
squared, will be —.2675. The product 
of +.51721 by —.17111 will be +-.0885. 
The sum equations written below Table 
3 (in lines 15 and 16) are not included 
in forming the normal equations. 

The observation equations are used to 
form normal equations, the normal equa- 
tions are solved, and the results of the 
back solution are all obtained according 
to the established routine of least- 
squares methods. The routine steps in 
the numerical solution given here are 
arranged for a program particularly 
adapted to the use of multiplying ma- 
chines. These are the standard forms 
except that they have been shortened by 
omitting the individual products. 

The figures resulting from the back 
solution, multiplied by k to obtain the 
results in feet, are the corrections ap- 
plicable to the assumed coordinates of 
the new stations to obtain the adjusted 
coordinates. If a set of adjusted coor- 
dinates is all that is required of the solu- 
tion, the computation need be carried 
no further than the application of these 
corrections. In this example the correc- 
rend are: (AXp) = —.05; (AYp) 

22; (AXg) = +.24; (AY ez) =-+.07. 
Applying these to the assumed coordi- 
nates of the new stations, the adjusted 
cordinates result : 


D, X = 327 483.23 Y = 718 510.28 
E, X = 324 511.9 Y = 709 522.87 


Adjusted angles 


It is probable, however, that adjusted 
values for angles and azimuths will be 
required. The observation equations 
were devised to show the swings of 
lines to which they refer in terms of 
changes in the coordinates at the ends 
of the lines. The changes in the coor- 
dinates, now known, may be substituted 
into the observation equations to find 
the effect of the adjustment upon azi- 
muths and angles. Consider again the 
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equation for the direction from D to E: 


+ 1.0344(A4 Yp) .3421(AYd) 
1.0344(A4 Ye 3420 AY x) 
+ 5.43 =0. 


If the solution has satisfied this equa- 
tion exactly, it means that there is no 
adjustment to be applied to the observa- 
tion it represents. But in actual prac- 
tice a least-squares solution cannot hope 
to satisfy exactly each individual obser- 
vation of the many available that are in 
slight disagreement with one another; 
if this could be done, no adjustment 
would be necessary. Therefore, if the 
values found for (AXp), (A¥Yp), 
(AXz¢) and (AYer) are substituted 
into this equation, it is found that the 
left-hand part of the equation does not 
equal zero but instead equals a quantity 
that may be called C. Note that the re- 
sults of the back solution are used here 
in the form in which they are obtained, 
without being multiplied by k&. In the 
equation just written, the numerical 
value of C is —1.69. This means that 
the observed azimuth as listed in Table 
2 must be corrected by this amount in 
order to agree with the final figure as 
adopted and as represented by the ad- 
justed coordinates. Similar  substitu- 
tions are made in the other observation 
equations listed in Table 3, and the re- 
sulting values of C for each one are en- 
tered in column V of Table 2. These 
quantities may then be applied to the 
observed azimuths in column IV, re- 
sulting in the adjusted azimuths in 
column VI. 

The solution has now furnished ad- 
justed coordinates and adjusted azi- 
muths. The adjusted angles at the vari- 
ous stations may, of course, be obtained 
by taking the differences between ap- 
propriate adjusted azimuths. 


Precision measure 


It may be desired, further, to obtain 
a measure of the precision of the tri- 
angulation. To do this, first obtain the 
corrections to the arbitrary orientations 
of the observed lists of directions. This 
is done by substituting the results of the 
back solution into the sum equations 
that were written below Table 3. For 
each sum equation the assembled result 
of the substitution, including the con- 
stant term, should be divided by —n, n 
being the number of observation equa- 
tions that were added to make the sum 
equation. The figure so obtained should 
be added algebraically to all values of 
C obtained at the station to which the 
sum equation relates. If this has been 
done properly, the values of C will be 
reduced so that the positive and nega- 
tive amounts balance and the sum of the 
remaining amounts will be zero at each 
station. These amounts, obtained by re- 
moving from the values of C the effects 
of the arbitrary orientations, are called 
residuals, The steps just described 
show how the residuals are obtained for 
observations taken from the new sta- 
tions. At the fixed stations, where no 
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provision has been made for corrections 
to the orientations of the observed azi- 
muth lists, the values of C without change 
are the residuals. 

Residuals are the amounts by which 
the adjustment is unable to fit the indi- 
vidual observations; they are analogous 
to the deviations of individual measure- 
ments from the average of several in 
any simple group. It is evident that 
these residuals will be small if the tri- 
angulation is of high precision. The 
sum of the squares of all residuals ob- 
tained in the solution, including those 
at fixed and new stations all together, can 
now be found. The theory of least 
squares indicates as the best adjustment 
the particular one that will make the 
sum of the squares of residuals a mini- 
mum. The method of adjustment just 
described and the method of condition 
equations are both arranged to accom- 
plish this minimum sum (hence the 
name “least squares”). The two meth- 
ods should therefore reach the same re- 
sult from a given set of observations. 

The usual formula for the probable 
error of a single observed direction is: 

= 

pe. = or? PEE 
In this formula Sz is the sum of the 
squares of the residuals, n is the total 
number of observation equations in the 
solution, and r is the number of un- 
knowns. This number of unknowns for 
which the solution has found values is 
three for each new station (corrections 
to assumed X coordinate, Y coordinate 
and orientation). In the example given 
De* = 31.20, n= 11, r=—6. The pe. 
of a single observed direction is there- 
fore 1.68”. An angle is contained be- 
tween two directions. The p.e. for a 
single direction may therefore be multi- 
plied by 2 to obtain the p.e. of an ob- 
served angle. 


Routine computation 


The following is an outline of the 
routine numerical solution. It probably 
will be less confusing if the reader will 
follow through this outline first without 
using actual numbers, with his whole 
attention directed toward getting dia- 
grammatically in mind the systematic 
sequence by which the numbers and 
factors are selected. A little study will 
disclose that there is a system for form- 
ing the normal equations that is 
easy to remember. The solution of the 
equations conforms to another system, 
and the back solution to still another. 
Having thus visualized the way through 
the sclution, the numerical work can 
be done without having to refer often 
to the references in the outline. It will 
be easier to remember directly the rela- 
tive places in the tables where the re- 
quired numbers are to be found than to 
depend upon a series of references by 
column and line. Both in preparing and 
in solving the normal equations and in 
making the back solution the multipli- 


cations have been made in such or 
as to allow the individual products 
accumulate in the multiplying machi: 
By this practice only the sum of 
products need be read from the mach 
to set down in the table. 

The first step is to add the amow 
on each line, 2 to 14 inclusive in Tal 
3, and write the sum of each wi 
changed sign in column VIII. Th 
the sum of all quantities in each of th: 
lines, columns III to VIII inclusive, 
made equal to zero. 

As used below, the term co-linear 1 
fers to numbers that occupy spaces . 
the same line in each of two indicat: 
columns. Now, remembering the effe 
on the signs when i terms are squar: | 
or multiplied, accumulate with the mu 
tiplying machine, through lines 2 to 14 
inclusive : 


Record i: 

Sum of squares, col. III; III, 17 
Sum of prod. of co-lin. nos. III & IV; IV, 17 
wo Mer oe Pe 7 ”" TH & V: vii 
ee ’ ” TT & Vi; VIE 
a eee dee * IN& Vil; VII, 17 

oe Ii & VIII; VIII, 17 


This produces the coefficients an 
check number of the first normal equa 
tion. All six should add to zero as 
check, although a remainder of one o: 
two digits in the last place is permissi 
ble. Now: 


Record i: 
Sum of squares, IV, 2 to 14 incl. IV, 19 
Sum of prod. of co-lin. nos. I . V, 19 


V&V 
IV & Vi; 

OR ee ee Se we) wae, 19 
SE OSU Ae. SE eee, 19 

This produces the second norma! 
equation and its check term. The equa 
tions are symmetrical, and the first tern 
of this full equation is omitted on lin 
19 because it is already available (1\ 
17). To check the formation of the equa 
tion, add IV, 17, and all the numbers o1 
line 19; the sum should be zero, nearly 
Similarly, form the two remaining nor 
mal equations; when this is done, line- 
17, 19, 22 and 25 will be completed. 
The diagonal terms are III, 17; IV, 19: 
V, 22; VI, 25. Each normal equatio: 
in this example consists of five term- 
and a check number; each equation i 
read down the column to its diagona! 
term, thence to the right. For each 
equation, the six quantities should adi 
close to zero as a check. 

The normal equations are solved a- 
follows: The number in II, 18, is th 
negative reciprocal of the first term of 
the first equation, III, 17. Each num- 
ber on line 17 is multiplied by thi: 
amount; the results are written on linc 
18. Then: 


Multiply Add Recordin 
IV, 17byIV,18 IV,19 IV, 20 
V,17 sare ee Vi 19 V, 20 
waar ee VI, 19 VI, 20 
Vil, 17" a = VII, 19 VII, 20 


Vill, 19 VIII, 2) 


Note that in adding a simple number to 
a product or a series of products with 
the machine, the number may be treated 
as a product also by regarding it as 
multiplied by +1. Line 20 now contains 
a whole new equation with its check 
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TABLE 4—SOLUTION OF EQUATIONS 














I II Ul IV V VI: VII VII 

“7 | | +4.1147 | — .8110 | —1.825) | + .8608 | 415.5774 17.9169 
18 24303 | 1 + 1971 | + 4435 | — .2092 | — 3.7858 | + 4.3543 
19 | +1.9089 | + .4519 | —~ .2346 | —11.1032 | + 9.7880 
20 +1.7491 + .0922 — ,0649 8.0329 | + - 6.2566 
rT - 57172 | | ‘. - 10527 + 0371 | + 4.5926 3.5770 
2 | 1.439 | - .4009 | 10.2071 | +10.5672__ 
23 | + .5997 | — .0157 | - 2.8752 | + 2.2913 
24 ~1, 6675 | 1. + 10262 | + 4.7944 3.8207 
25 | _+1.2154 | 4 2.0895 | . 3.5302 _ 
26 + 1.0325 1.5426 + .5102 
27 — ,96852 . + 1.4940 4941 

Results of back solution: 

28 —1.0888 + 4.3933 + 4, 8335 +4.4949 


number, one unknown having been 
eliminated. The five numbers should 
add nearly to zero as a check. Then 
they are multiplied by the negative re- 
ciprocal of the first term, and the re- 
sults are written on line 21. Then: 


(V,17 X V, 18) + (Vv, 472% V,21) 


+ V,22 = 
(VI,17 XK V,18) + vt, “ x. ¥, 20 
+ VI,22 = I, 23 
(VII,17 X % 18) -+ (Il. 20 x V, 21) 
+ VII,22 = VII, 23 
(VIII, 17 x V_18) + (VIII, 29 x V, 2») 
+ VIII, 22 = VIII, 23 


The four numbers now written in 
line 23 represent the whole of a new 
equation with two unknowns eliminated. 
Check and, as before, multiply through 
by the negative reciprocal of the first 
term. 

By the same system, each term on 
line 26 is found by adding three prod- 
ucts and a simple number. These three 
terms finally obtained represent the last 
new equation with its check term, and 
with only one unknown remaining. 
Check, and multiply through by the 
negative reciprocal of the first term, 
writing the results on line 27. 

For the back solution, copy VII, 27, 
down in VI, 28. Then: 


Record 
in 
VI, 28 X VI, 24 + VII, 24; ae 
(vi28 X ¥,2) + ¢ VI, 28 x Vi, 2i) 
+ Vit, Brn. oe a erie Sey IV, 28 
(IV, 28 x IV, 18 + (V,28 x" V, 
+ (VI, 28 x VI, 18 + IL is: Bae III, 28 


These results of the back solution 
may be checked by seeing that they 
satisfy the normal equations. 

The quantities on line 28, multiplied 
by .05, which is the value chosen for k, 
give the corrections to the assumed co- 
ordinates that have been shown and 
applied on a previous page. 

To obtain the corrections to azimuths, 
first copy line 28 up into line 1. Then: 


Cnt 4s Ft hohe 
+ Man = Corr..AtoD 
(v,1 VI 


3) + (Vi, 1S VI, 3) 
13 = Corr. AtoE 
(IIT, r x tit, © + vit x Iv, 4 
+ VII, Corr., BtoD 
Thus make the substitutions into all 
equations, lines 2 to 14 inclusive, except- 
ing the ¢ equations on lines 9 and 14. 
Enter these values of the corrections, or 
C’s in Table 2, column V, on the appro- 
priate lines. 
To compute the residuals: 


(Itt, |} X IIT, 15) + dv,t X IV, 15) 
+ (V, 1X V, 15) + (VI, 1 Xx VI, 15) + VIL, 15 


Divide the result by —3, because 











there were three equations added to get 
this sum equation on line 15. The result 
is +2.01; add this algebraically to the 
corrections to azimuths from Sta. D 
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that have been listed in Table 2, column 
V. Similarly, by substituting into the 
sum equation, line 16, and dividing the 
result by —4, the amount -+4.92 is ob- 
tained. This is used with the C’s in 
Table 2, columa V for the azimuths 
from Sta. E. The corrections listed for 
Sta. A to D and E and for Sta. B to 
D and E are used as residuals just as 
they stand. The list of residuals is 
therefore as follows: 


A dD 2.73 D B+ .14 E A + 84 
E 2.13 Cc 46 B + 2.00 
B D 2 E + .32 Cc 4 61 
E + 28 D 3.45 
































The sum of the squares of these quan- 
tities is used to determine the precision 
of the triangulation in a manner already 
described. 


—- > 


Hydraulic Laboratory Established in China 
to Study River Control and Erosion 


NATIONAL hydraulic experi- 
ment station has been com- 
pleted at the Hopei Institute of Tech- 
nology in Tientsin, at which the major 
problems associated with the control 
of the troublesome rivers of China will 
be studied. Special facilities have been 
provided for research on the behavior 
of loess silt in river channels, since 
comparatively few experiments have 
been made with the transportation of 
this peculiar material. This project, es- 
timated to cost $120,000, is the first of 
its kind in a country that has long suf- 
fered recurring devastation from floods 
and soil erosion. 
Research work will be carried on in 
a main building, 426x66 ft., and an 
auxiliary laboratory, 105x55 ft. Pumps 
operated by electric power will be sup- 
plied with clear water from a 120,000- 


gal. underground reservoir connected to 
the Tientsin waterworks. A 350-ft. 
concrete flume, 65 ft. wide and 5 ft. 
deep, is housed in the main building and 
may be connected with a similar flume 
in the auxiliary laboratory, to get a 
total channel length of 435 ft. Part of 
the flume is furnished with glass win- 
dows in the bottom and sides, to permit 
visual study of flow characteristics. A 
towing car is provided for current- 
meter rating. A separate channel is 
provided for experiments with water 
heavily laden with loess in suspension, 
since special provision must be made to 
handle this water, which never becomes 
clear. Scour, movement and deposition 
of loess silt are entirely different from 
those of sand or gravel particles, and it 
is expected that fundamental data will 
be supplied by this research. 


STORAGE AND PRESSURE TANKS at three levels have been installed near one end 
of China’s new hydraulic laboratory, the storage tank being below the floor level. 
The main flume lies along the right wall with the return flume (under removable 


covers) below the floor at the right center. 


Large open areas have been provided to 


facilitate the river studies. 
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Precasting Concrete Piles 
With a Special Armor Belt 


Air-applied concrete belts provide impervious 
armor on concrete piles subject to tide-water 
attack in Bass River Bridge at Yarmouth, Mass. 


By William Rittenburg 
Junior Civil Engineer, Massachusetts Dept. of 
Public Works, Dorchester, Mass. 


OME interesting methods in pre- 
S casting concrete piles and amoring 

them with a belt of Gunite were 
developed in building the Bass River 
bridge at Yarmouth, Mass. The encase- 
ment of Gunite with its extremely ~ 
density and low percentage of voids, 
intended to provide a watertight pro- 
tection against seawater salts (the Bass 
River is a tidal inlet), frost action and 
the alternate wetting and drying. The 
location of the special protection was 
determined by the proposed elevation of 
the pile cap and the mean between high 
and low water; 9 ft. of Gunite, 2 in. 
thick, was applied to the pipe peripher- 
ally and centered on mean tide. This 
afforded an ample range of protection 
against the rise and fall of the tide, 


which is about 5 ft. between extreme 
high and low water. 

The contract for the bridge was 
awarded late in the fall with completion 
expected the end of May; thus, it was 
necessary that the piles be cast ina New 
England winter with its attendant ex- 
tremely low temperatures and heavy 
snow storms. Due to these and other 
reasons the general contractors sublet 
the manufacturer of the piles to the 
Nelson Cement Stone Co, Inc.. manu- 
facturing present concrete units at 
Braintree, Mass., 75 miles from Yar- 
mouth, the bridge site. This assured 
that the casting would be indoors where 
the piles could be easily protected from 
extreme weather conditions during the 
curing period. 


Pile design 


The 242. reinforced-concrete piles 
varied in length from 37 to 48 ft. In 


FIG. 1—TRUCKLOAD of two 16x16-in.x46-ft. precast concrete piles en route from 
casting yard to bridge site 75 miles away. 





Piles 16"square fr 
cross - -section 





Frame’ < seneeneeeunsees 22°. 
Front Elevation of Rack 


Gunite section 9'in length 


"thick around pile 
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cross-section, they were 16 in. squ:re 
with 2-in. chamfered corners; 4 ft. f 
the tip of the pile, the cross-sec; 
tapered from 16 to 8 in. square on 
end. The reinforcing consisted of ¢ 
l-in. rods tied together with j-in. ho 

as shown by Fig. 2. 

A 1:2:34 mix was determined uy 
and the use of high-early-strength » 
land cement was specified with a cen 
factor of 5.77 bags per cubic yard. 1 
piles were cast in a horizontal posit 
on the floor in parallel forms. At : 
proper location on the pile a recess y 
formed 9 ft. long and with a depth 
the required thickness of the belt yp: 
tection. 

The air-applied concrete was r 
forced with No. 10 gage welded \ 


mesh, preformed around a templet and 


then placed around the pile. Concrete \ 


obtained from a local ready-mix plant 


and was delivered to the plant at ; 
average temperature of 65 deg. F. 


During curing periods the tempera- 
ture of the casting room was kept well 


above 35 deg. F. by the use of col 


salamanders placed at strategic posi- 


tions. During sub-zero weather the pil 


were further protected by a covering o! 
rubber sheeting and by fiber-board pane!- 


made 4x8 ft. to facilitate handling. 


The piles were allowed to cure for 


seven days before removal from the nest 
A test beam was poured at every cast 


ing and broken before the piles were 


removed from the floor at the expiratio: 


of the curing period. On_ seven-day 
tests, moduli of rupture were obtained 
as high as 765 lb. with average reading- 


FIG. 2—CROSS-SECTION of concrete pile, 
showing the reinforcement and the hole for 
water jet. 
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FIG. 3—RACK for storing precast piles while the armor belt was applied. 
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well over 500 Ib. Using a conservative 
conversion factor of 6, these breaks 
vere equivalent to 4,590 Ib. per sq. in. 
ind well over 3,000 Ib. per sq. in., which 
vas the minimum compressive strength 
required before handling. 


Placing the armor belt 


The most complex problem was the 
ipplication of the protection belt to 
the piles. This necessitated two distinct 
curing periods, one for the concrete and 
ne for the Gunite. Also, it required 
rehandling the piles several times, care- 
ful scheduling of the work due to limita- 
tion of working area, and devising a 
method of applying the Gunite and turn- 
ing the piles over without any undue 
shock or strain. 

After the piles had been allowed to 
cure for seven days, they were picked 
up from the floor by a crane and trans- 
ported to a frame that had been devised 
especially for this purpose. As _ the 
Gunite could not be applied completely 
in one day, it was necessary to resort to 
two applications. The first day, 2 in. 
was shot on the top face and 1 in. on 
both sides. This was allowed to set 
overnight; the next morning the pile 
was turned over, and the sides were 
then completed, and, in addition, the 
side that was on the bottom the previous 
day was coated.’ 

The rack was designed as follows: 
two frames (Fig. 3) were constructed 


FIG. 4—DETACHABLE wheel attached to 
each pile at the quarter-points, so that the 
pile could be turned over so that the belt 
protection could be applied to all sides. 


from 6x6-in. lumber and braced laterally 
and diagonally. These frames were then 
nailed to the floor at about the quarter- 
points of the piles, so that the weight 
of the pile was more or less balanced 
at these supports, the overhanging por- 
tion offsetting the span. The height of 
the frame was limited, to allow trans- 
porting of piles over the rack by the 
crane. It was found that a rack about 
54 in. in height was the maximum per- 
missible. The frame was built in steps, 
the highest step being 54 in., the inter- 
mediate about 30 in., and the lowest 
stepped down to 6 in. from the floor. 
The supports were built 24 in. wide. 
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FIG. 5—UNLOADING PILES from trucks at the bridge-site storage yard. 









































This allowed 8-in. clearance horizontally 
and vertically between corners. Five of 
these racks were built, accommodating 
fifteen piles. The racks were spaced to 
give 4 ft. of clearance between the faces 
of the piles. This arrangement expedited 
production considerably besides allow- 
ing the nozzle man to work efficiently. 

After the first day’s shooting the piles 
that were shot were allowed to remain 
on the rack overnight. The next morn- 
ing they were removed from the rack 
and carried to the turning area. -Here. 
while the pile was suspended from the 
crane with about 12-in. clearance from 
the floor, two wooden wheels were at- 
tached at the quarter-points of the pile. 
These wheels were made of solid maple. 
They were in two sections and, when 
clamped together, were 30 in. in diameter 
with a 4-in. steel tire 5 in. in width 
around the outside. When bolted to- 
gether, a section in the center of the 
wheel would form a 16-in. square cutout 
to fit snugly to the pile. In this way 





FIG. 6—TRANSPORTING PILES from the storage yard to the piledriver on flat cars 
Operating on a marrow-gage track. 


the wheels were very easy to put on. 
The pile was then rolled on a metal 
track that had been prepared for the 
purpose. They were then returned to 
the rack for the final application of 
Gunite. Again the piles were allowed 
to set overnight on the rack, and the 
following morning they were removed 
and placed in the storage pile where 
they were allowed to cure for four days 
before shipment. 


Handling and transportation 


For transporting the piles in the shop, 
a combination sling and bridle was used. 
The slings were endless and were made 
from §-in. plow-steel cable doubled. The 
bridle was made from }-in. plow-stee! 
cable and also was doubled. At the 
ends of the bridle U-shaped shackles 
were fastened. These shackles were 
made from 14-in. stock. When lifting 
a pile, the slings were first looped 
around the pile at the quarter-points 
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and then caught and secured in the 
shackle by a 14-in. stock. When lifting 
a pile, the slings were first looped 
around the pile at the quarter-points 
and then caught and secured in the 
shackle by a 1}-in. pin, which closed 
the U-end. In turn, a hook suspended 
from the hoisting cable of the crane held 
the bridle at its mid-point during sus- 
pension. The slings and bridle were 
used in combination with a wooden 
spreader (4x8 in.) that separated the 
slings. This resulted in a straight lift 
on the slings, instead of the angular lift 
of the bridle alone. It was found that 
by placing a quarter round on the ends 
of the spreader, protected by a metal 
plate shaped to the quarter round, the 
friction on the cable was greatly re- 
duced at the junction of the slings and 
the spreader. 

Whenever the piles were lifted or sup- 
ported, the logical place for handling 
was at the quarter-points. In this way 
the weirht of the cantilever ends of the 
pile balanced the weight of the center 
span. When the piles were lifted from 
supports, this assured that the pile 
would ride level and parallel to the floor. 

An unusual feature of operation was 
the transportation of these units 75 
miles to their destination. Three trucks 
with platform bodies were used to trans- 
port the piles. Two piles were loaded 
on a truck, one on each side. The piles 
were supported over the front and rear 
axles, which were 22 ft. apart. Support 
over the front axle was obtained by the 
use of stanchions that were built with 
sufficient height to allow the piles to 
ride level with the support over the rear 
axle. The piles were then chained to- 
gether fore and aft, to prevent side roll. 

The 75 miles were covered in about 
five hours, loaded. This excellent time 
was possible because 95 per cent of the 
distance was over first-class pavements, 
which were state highways in excellent 
condition, There were no heavy grades 
to climb, the stiffest being 5 per cent. 

The piles were unloaded at their 
destination by having the truck drive 
under two 18-in. I-beams set on A- 
frames. The piles were then hoisted 
off the truck with the aid of slings and 
placed in the storage yard at the approach 
end of the bridge; they were then car- 
ried to the piledriver on flatcars, running 
on narrow-gage tracks. 

The New England Foundation Co., 
of Boston, was general contractor for 
the project. For the Nelson Cement 
Stone Co., Mr. Oberlin Clark super- 
vised the manufacture of the piles. The 
Gunite was applied by the National 
Gunite Contracting Co., of Boston. For 
the Commonwealth of Massachusetts, 
department of public works, Arthur W. 
Dean is chief engineer, George Hark- 
ness, bridge engineer and John E. Troy, 
district engineer. Supervision and 
inspection were under the direction of 
L. R. Sellew, assistant to the district 
engineer, with the author in direct 
charge at the plant. 
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San Francisco Mint Designed 
to Resist Earthquakes 


Investigation of periods of vibration of site preceded design of 
an integrated foundation and a rigid symmetrical frame with 
the design analyzed by both dynamical and statical methods 





ROCKY HILL that is to be the site of a new U. S. Mint in San Francisco Made up 
of vertical layers of serpentines and cherts, the site will probably not vibrate as a wait 
in an earthquake, a fact that was considered in the design of the building. 


By Jacob J. Creskoff 
Consulting Engineer, Philadelphia, Pa. 


construction of a new United States 

Mint in San Francisco on a site 
bounded by Hermann, Webster, and 
3uchanan Sts., and Duboce Ave. The 
site chosen for this important building 
consists of a rocky hill with steep cliffs 
on three sides, the height at one corner 
being nearly 100 ft. above the adjacent 
street level. On this area a building of 
structural-steel frame encased in con- 
crete, with reinforced-concrete floors, 
roof and walls, is to be built. Of closed 
plan, but with an interior court, the 
building has a frontage of 208 ft. on 
Duboce Ave., and a depth of about 185 
ft. The main part of the structure will 
rise three stories, or 48 ft., above the 
finished first floor; over the front por- 
tion the structure continues to a total 
height of 76 ft. There is no basement. 
Principal interest centers in the special 
attempt made to produce an earthquake- 
proof structure. 


I: JULY a contract was let for the 


Features of design 


Although the intensity of the 1906 
San Francisco earthquake was moder- 
ate at this site, nevertheless the earth- 
quake risk is such that thoroughly 





sound earthquake-resistant design and 
construction were indicated. Particular 
features of the design included geologi- 
cal and seismological *investigation oi 
the site; investigation of its periods oi 
vibration; the use of an integrated foun- 
dation for all of the columns and for 
the exterior walls; attempts to secure 
symmetry of mass and rigidity, and to 
provide for assymmetry}; proportioning 
of the elements and connections to in- 
sure that the building will vibrate as a 
unit during an earthquake; and analysis 
of the design by dynamical as well as 
by statical methods. The author, as 
consultant on aseismic design to the 
Treasury Department, outlined and 
planned this work. 


Periods of vibration of the site 


Site materials consist of almost verti- 
cal layers of serpentines, cherts, etc., of 
the Franciscan Series, with very little 
overlying alluvium. The serpentines 
are soft, crumbly, slippery materials, 
occurring in blocks, The cherts are 
crumbly but not slippery. Horizontal 
and vertical test holes show serpentines. 
rotten rock, schist, hardpan and clay. 
For such material a soil-bearing value 
of 8,000 Ib. per sq.ft. was assumed 
initially. During the design, however, 
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this was reduced to 5,000 Ib. per sq_ft., 
on account of the space requirements of 
that part of the foundation carrying the 
combined load of the exterior walls and 
the first row of columns. 

The site is about 74 miles northeast 
of the San Andreas fault, 24 miles west 
of the Tamalpais fault, and 11 miles 
west of the Hayward fault. In addi- 
tion, the possibility of minor faults in 
San Francisco Bay was recognized. No 
minor fault or rift intersects the site. 

To evaluate the possible effects of 
synchronism between the site, the build- 
ing and an. earthquake, the dominant 
periods of vibration of the site were re- 
quired. Three methods were used by 
the U. S. Coast and Geodetic Survey 
in measuring the site periods: 
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First, specially adapted seismographs 
measured the free vibrations set up by 
traffic jars. The only period obtained 
in this manner was 0.05 sec. 

Second, a shaking machine consisting 
of an eccentrically loaded flywheel, 
driven by an electric motor, vibrated 
the site through a range of periods. 
The driving belt was removed when the 
shaking machine was operating at the 
highest speed, and a record was taken 
as the machine slowed down, abnormal 
amplitudes on the record indicating the 
periods at which synchronism occurs, 
and consequently the dominent periods 
of the site. Three runs were made. 
The unbalanced moments and maximum 
speeds were respectively: 768 in.-lb. 
and 370 r.p.m., 104 in.-Ib. and 580 r.p.m., 


FOUNDATION PLAN of new San Francisco Mint, with details of corner buttresses 
and beam-to-column connections proportioned to resist earthquake stresses. 
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and 104 in.-lb. and 600 r.p.m. Curves 
plotted from the results of these tests 
are shown in the accompanying figure. 
The results obtained by method two 
are of a negative character, the periods 
of vibration of the site being outside the 
effective range of the shaking machine. 


SYNCHRONISM CURVES obtained 
ing vibration tests of the site. 
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The curves show that there are no 
dominant periods between the limits 370 
r.p.m. (0.36 sec.), and 600 r.p.m. (0.10 
sec). However, they indicate that the 
dominant periods of the site are faster 
than 0.10 sec., because of the fact that 
the amplitudes increase rapidly at the 
higher r.p.m. 

Third, site vibrations produced by 
dynamite blasts were recorded by a tri- 
angulation of seismographs on the site. 
By this method several periods of vi- 
bration ranging from 0.04 to 0.12 sec. 
were obtained. 

It was concluded, therefore, that dur- 
ing minor shocks, such as those due to 
traffic, the site vibrates as a unit in a 
period of 0.05 sec. On the other hand, 
when the shocks are major, such as re- 
sult from dynamite blasts or from 
serious earthquakes, the site may vi- 
brate either in separate layers or as a 
unit, in periods varying from 0.04 to 
0.12 sec. 

These vibration measurements were 
taken before excavation was begun. 
Since it is planned to reduce the maxi- 
mum height of the rocky hill from 100 
to about 50 ft. above the adjacent street, 
the periods of the site should be smaller 
when excavation is completed. 

It is of interest to note that the vi- 
bration measurements seem to check the 
geological observations to the effect that 
the site is not a solid mass but consists 
of layers of different materials which 
may not act together as a unit during 
earthquakes. 


Foundation 


Because of the different types of soil 
upon which the foundation of the Mint 
must rest, special precautions were in- 
dicated, to insure stability. As designed, 
the foundation consists of a continuous 
reinforced-concrete pad for the exterior 
walls and columns, a reinforced-concrete 
pad for the court walls and columns, 
with individual footings for the interior 
columns connected by reinforced-con- 
crete struts to the pads at certain points. 
In this manner it is attempted to insure 
that the foundation will act as a unit 
under seismic shock. 


Details of the building 


As noted above, the building is of 
structural steel and reinforced-concrete 
construction. The structural-steel frame 
is encased in concrete. The floor and 
roof are designed as one-way solid slabs 
and as horizontal girders against seis- 
mic shear. Walls are of reinforced con- 
crete, designed as vertical beams against 
horizontal thrust. Steel stud partitions 
are used. With the exception of part 
of the outside walls, which continue in- 
dependently to be keyed and dowelled to 
the foundation pad, the vertical loads 
are carried by the frame. The hori- 
zontal loads are taken by the columns 
and structural walls, each contributing 
member at a section taking that part of 


the total load proportional to its rela- 
tive rigidity, and a function of its end 
conditions. The live loads used vary 
from 25 to 500 Ib. per sq.ft., i.e., from 
the usual roof live load to that repre- 
senting vibrating machinery for rolling 
and stamping metals. Dead loads vary 
from 75 lb. per sq.ft. for the roof slabs 
to 155 Ib. per sq.ft. for the slabs carry- 
ing the 500-lb. per sq.ft. live loads. 
Total dead and live load varied from 
100 to 655 Ib. per sq.ft. for the slabs, 
and from 100 to 555 Ib. per sq.ft. for 
the girders. 

The facing of the building will be a 
veneer of California granite attached by 
a special anchoring detail consisting of 
suitably spaced vertical galvanized-iron 
slots cast into the reinforced concrete. 
Galvanized-iron tongues fit into the 
slots and clamp down into the granite, 
assuring a positive aseismic connection. 

All columns are encased in concrete 
not only for fireproofing, but also to 
increase their rigidity. For example, 
with the encasing used, the rigidity of a 
14-in. 87-Ilb. H-section is increased four 
times about the weak axis, and two times 
about the strong axis. Since the seis- 
mic shear and moment falling to a 
column depend on the rigidity, this was 
taken into account by multiplying the 
moment of inertia of the section by a 
rigidity factor. At the same time, its 
effective area was increased by adding 
the transformed area of the concrete. 
This method yields the most critical 
case for determining the adequacy of 
the column connections. 

In order that the columns, girders, 
beams and the encasing act as designed, 
the structural steel will not be painted 
and will be sand-blasted clean of mill 
scale. 


Periods of vibration of the building 


The free periods of vibration of the 
Mint building were computed by the 
following formulas: 


fe 2e ae 
T.=./T{ 1+ _ 
\ | | 


and 
wL* 
T = ¢ —T 
Elg 
where 
T, = true period of a short building, 
T = free period due to moment only, 
d = depth of building in plane of vibra- 
tion, 
c. = end condition constant during 
static deflection, 
L = height of building, 
c = end-condition constant during 
vibration, 
EI = elastic resistance in plane of vibra- 
tion, 
g = acceleration due to gravity. 


The computed free periods of vibra- 
tion of the building were: Te = 0.10 
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sec. about the weak axis, and 0.()' 
about the strong axis. Not onl, 
these periods of importance in « 
mining the seismic moments and s| 
by the dynamical methods used i: 
design, but in addition they wil 
compared with the measured perio. 
the finished building, as a check o: 
assumptions made in the design. 
intended that the U. S. Coast and | 
detic Survey measure the period 
the completed structure and remea 
them after earthquakes, thus provi 
a continuous check on the struc: : 
condition of the building. A sp: 
seismograph room is to be provide: 
the use of the Coast and Geo 
Survey. 


Seismic moments and shears 


In analyzing the building for mom 
and shears induced during earthqua'\ - 
three cases were considered: two 
namical and one statical. The calewla- 
tions are based on a distributed | 4 
along the height of the building, c: 
sisting of the full dead load plus 01 
third of the live load. 

Case 1—Considerable opinion point- 
to the conclusion that destructive eart!- 
quakes occur in a bracket of perio. 
ranging from 1.0 to 1.5 sec. Accor 
ingly, an earthquake of 1.0-sec. periv' 
and of an amount of motion consisten! 
with the period and the nature of 1): 
soil constituting the site, was assun 
to act on the building foundation, a: 
the maximum moments and shears we: 
computed at several levels of the buil: 
ing by the dynamical method. (Se 
“Dynamics of Earthquake Resistant 
Structures,” by Jacob J. Creskoti 
McGraw-Hill Book Co.; also “Earth- 
quake and Wind Design,” ENR, Nov. 
1, 1934, p. 553.) 

Case 2—The moments and shears in- 
duced by a horizontal thrust of one- 
tenth of the sum of the dead and usalle 
live loads above the section under con- 
sideration, which is the maximum re- 
quirement of the state division of arcli- 
tecture were computed at the several 
levels of the building by the statical 
method. 

Case 3—An earthquake of peri! 
practically synchronizing with that oi 
the building, and of an amount of mo- 
tion consistent with the period and the 
nature of the soil, was assumed to act 
on the foundation, and the maximum 
moments and shears were computed at 
several levels by the dynamical metho! 

The results obtained under the three 
methods, as well as the interpretation 
of the results in terms of gravity, are 
shown in the accompanying table. 


Distribution of moment and shear 


In the design the seismic moment a1! 
shear were assumed to be distribute! 
by a floor to the structural member- 
acting as vertical beams at the section. 
in proportion to their relative rigidity, 


poe ctace kes RAIL DERI TE RT ES Vs i 


Gerd: ae Rees 


Fe aac a le ON a 


oe 


Pe Sosa) estes aig pantech 


Se ake icaal hamiigeaeia Tecan Mae 


ree 


pees 


SON ra 


Dyna 


Ste 
Dyns 


and 
tion 
the 

int 
in t 
able 


stre 


app 
as 

129 
con 
sect 
she 
floc 
colt 
reir 
99. 
thir 
stec 
reil 
the 
thir 
she 
the 
fe rT 


the 
rei 
twe 
the 
fou 
she 
the 
for 


the 
are 
loa 
the 
for 
mi 
ac 


dis 
rif 
re 
th 
de 
co 
ar 











» act 
mum 
sd at 
thod 
three 
ation 


, are 


ar 

t andl 
puted 
aber - 
tion, 
idity, 





bi 


Sehr, epee eee PE eS LHe keke gar sh Makai ee a 


ay 


So istl: tid 


A SE Re 


ee ee ee ce ae eee 






SEISMIC MOMENTS AND SHEARS 
BY THREE METHODS OF DESIGN 


Thrust, 
Loca- Moments, Shears, % of 
Case tion In.-Lb. Lb. Gravity 
1 4th fl. 105x106 136x104 7 
Dynamical 3rd fl. 220x 106 212x104 7 
t 2nd fi. 230x108 298x 104 7 
Found- 
ation 943x106 390x104 7 
2 4th fl. 150x 108 195x 10¢ 10 
Statical 3rd fi. 308x 10° 296x 104 10 
2nd fl. 322x10® 418x104 10 
Found- 
ation 2,865x10¢ 545 104 10 
3 4th fl. 500x10¢ 649x104 33 
Dynamical 3rd fl. 1,014x10¢ 976x 104 32 
2nd fl. 1,040x10® 1,351x10¢ 33 


Found- 
ation 8,650x106 1,745x10¢4 32 


and as a function of their end condi- 
tions. The largest stresses occur in 
the vertical beams that are most rigid 
in the plane of bending. If the stresses 
in these beams do not exceed the allow- 
able, the same will also be true of the 
stresses in the other vertical beams. 

The seismic moment and shear was 
apportioned among the various floors 
as follows: Referring to the table, the 
129 encased columns and 106 reinforced- 
concrete beams between the first and 
second floor take the moments and 
shears listed in the table for the second 
floor. Of these moments and shears the 
columns take 0.3 per cent, and the 
reinforced-concrete vertical beams take 
99.7 per cent. Between the second and 
third floors, the eight rigid structural- 
steel bents, 113 encased columns and the 
reinforced-concrete vertical beams take 
the moments and shears listed for the 
third floor. Of these moments and 
shears the rigid bents take 31.6 per cent, 
the columns 5.6 per cent, and the rein- 
forced-concrete beams 62.8 per cent. 

The eight rigid structural-steel bents, 
the 100 encased columns and the 90 
reinforced-concrete vertical beams be- 
tween the third and fourth floors take 
the moments and shears listed for the 
fourth floor. Of these moments and 
shears the rigid bents take 12.7 per cent, 
the columns 1.8 per cent, and the rein- 
forced-concrete beams 85.5 per cent. 

It will be noted that the columns, al- 
though efficient against vertical loads, 
are very inefficient against horizontal 
loads. During an earthquake, therefore, 
the rigid bents and the vertical rein- 
forced-concrete beams will be doing 
most of the work, and they are designed 
accordingly. 

Consideration of moment and shear 
distribution by the method of relative 
rigidities reveals that, end conditions 
remaining constant, if the rigidities of 
the more rigid elements at a section are 
decreased, the less rigid elements be- 
come more efficient, and vice versa. In 
any particular case the correct appor- 
tionment of rigidity among the struc- 
tural members depends, of course, on 
the goal desired. 


Structural details illustrated 


Some of the details used in the Mint 
are shown on the accompanying draw- 
ing. Among the items to be noted is 
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the diagonal arrangement of the top 
layer of reinforcement in the floor slabs, 
tests indicating that such arrangement 
is more effective than the conventional 
placing of the reinforcement. It is also 
to be observed that the reinforcing bars 
from the floors are bent into the ex- 
terior reinforced-concrete walls and into 
the column encasement. Openings in 
walls and slabs are protected where pos- 
sible by diagonal, horizontal and ver- 
tical bars. The unusual buttress detail 
was developed to insure positive action 
of the large concrete masses with the 
frame. Continuity of reinforcement 
around beams, columns and girders was 
provided where practicable. 

Although it was impossible for the au- 
thor to incorporate certain elements in 
the design that would have resulted in 
greatest efficiency under earthquake 
loading, nevertheless the plans as laid 
out provide a building of considerable 
strength and rigidity and one which more 
than satisfies the maximum requirements 
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of the California building code for aseis- 
mic quality. 

The design was made by the personnel 
ot the Public Works Branch, Procure- 
ment Division, U. S. Treasury Depart- 
ment, under. W. E, Reynolds, assistant 
director; L. A. Simon, supervising 
architect; W. C. Clark, project manager ; 
G. S. Underwood, consulting architect ; 
T. C. Brooks, superintendent of struc- 
tural engineering; J. C. Cliff, structural 
engineer; N. S. Thompson, superintend- 
ent of mechanical engineering; and the 
author, consultant on aseismic design. 

Special assistance was given by Capt. 
R. S. Patton, Capt. N. H. Heck and 
F. P. Ulrich of the U. S. Coast and 
Geodetic Survey; by Prof. Bailey Wil- 
lis, of Stanford University; and by 
W. T. Schaller and C. Milton, of the 
U. S. Geological Survey. The general 
contract for the construction of the build- 
ing is held by the Clinton Construction 
Co., of San Francisco, which submitted 
the low bid of $935,000, 


WPA Survey of New Orleans Foundation 
Conditions at 200 Locations 


EW DATA on foundation condi- 

tions in the metropolitan New Or- 
leans area are being revealed by a soil 
and foundation survey being carried out 
as a WPA project with the endorsement 
of Louisiana engineering societies. The 
survey has already covered 102 founda- 
tions in its program involving 200 build- 
ings and engineering projects in the 
district. 

The extreme variation of soil condi- 
tions has been shown by studies of the 
foundations of large buildings in the 
business district. The Masonic Build- 
ing, eighteen stories high, requires pil- 
ing 90 ft. long to support one part, al- 
though the rest of the building is sup- 
ported by piling that struck a hard 
stratum at a depth of 50 ft. The Van 
Horn and Times-Picayune buildings, 
which are both within 1,000 ft. of the 
Masonic Building, rest on piles from 45 
to 50 ft. long. The Hibernia Building, 
another major structure also within the 
1,000-ft. radius, is supported on piling 
from 30 to 60 ft. long. The variance 
in subsurface strata is in some measure 
explained by the fact that a number of 
bayous existed in the city area some 
time ago, as has been disclosed by a 
study of old maps and records. 

A number of structures studied were 
on spread footings, which were in good 
condition. The Chalmette Monument, 
more than 100 ft. high and commemerat- 
ing Andrew Jackson’s victory, rests on 
a brick base on a spread footing of 
crossed 12x12-in. cypress timbers with- 
out piling, is apparently free of settle- 
ment and has remained plumb. A 
similar foundation, except that the 
timbers are carried up through an arti- 
ficial mound to the base of the monu- 


ment, supports the Robert E. Lee 
Memorial. 

The survey will include all the major 
buildings within the city of New Or- 
leans and also structures of engineering 
or architectural interest in which pile 


foundations have not been used. Com- 
plete data on U. S. Army Engineer 
Corps projects, such as the Bonnet 


Carré spillway, the Intercoastal Canal 
locks at Harvey, and others have al- 
ready been furnished, and similar infor- 
mation on state projects such as the 
bridges spanning the Chef Menteur and 
Rigolets has been made available. Other 
important engineering projects for 
which soil and foundation data have 
been made available include the Missis- 
sippi River bridge and various railroad 
bridges over the Bonnet Carré spillway. 

In making the survey, staff members 
are assigned to projects, and informa- 
tion initially obtained from architec- 
tural and engineering offices. After 
these data concerning the foundation 
and soil conditions have been obtained, 
the buildings are examined for evidence 
of foundation failure. Actual work on 
the survey started in April, 1935. If 
present plans are carried out, these data 
will be published in book form. 

The actual work of the survey is 
being done by engineers and architects 
under the general direction of a com- 
mittee composed of Donald Derickson, 
chairman, professor of civil engineering, 
Tulane University; Col. Edward S. 
Bres, president, Louisiana Engineering 
Society; John H. O'Neill, past presi- 
dent, Louisiana Section, Am.Soc.C.E. ; 
and A. R. Brousseau, FERA engineer. 
Supervision is by F. P. Hamilton, presi- 
dent Louisiana Section, A.S.C.E. 
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Effective River Control 
By Concrete Tetrahedrons 


Service lives of five years on the Belle Fourche and seven years 
on the Santa Clara indicate durability and efficiency of skeleton 
tetrahedrons of concrete for channel regulation and bank protection 





FIG. 1—TETRAHEDRON DIKE under construction in 1927 on the Santa Clara River 
in southern California. Thrown out of line by the flood from the St. Francis Dam 
failure, this dike was realigned and is still in service. 


ECENTLY REPORTED service 
Rvccorss of training dikes and chan- 

nel dams of skeleton triangular 
pyramids direct attention again to the 
possibilities of this device for river 
regulation. The first technically planned 
use of triangular pyramidal frames in 
channel-control work appears to have 
been on the Colorado Rive: in the Palo 
Verde Valley in 1924, Here sections of 
railway rails bolted together formed the 
six edges of. the tetrahedrons. These 
were set in a row along the bank and 
each was separately anchored by a cable 
to an inshore deadman. As _ reported 
previously (ENR, Aug. 11, 1927), these 
skeleton dikes had given good service, 
and continued construction was planned 
both as training and spur dikes. Larger 
flood problems of the Colorado occurred 
to put the tetrahedron dike out of mind 
and use, and now, it is reported, only 
dispersed remnants remain. 

In 1927, to control the channel of the 
Santa Clara River above the Montalvo 
Bridge in Ventura County, Calif., the 
state highway engineer constructed a 
tetrahedron dike based, it has been 
stated, on practice of land-owners along 
the river. This appears to have been 
the second structure of this type planned 
by engineers (ENR, May 10, 1928). 
This dike has given long service and is 
still in use. Based on the Santa Clara 
River experience, the engineers of the 
National Park Service adopted tetra- 
hedron dams on the Belle Fourche 
River in the Devils Tower National 


Monument in Wyoming in 1930. A 
record of the Santa Clara and Belle 
Fourche structures follows: 


Santa Clara River dike 


The work on the Santa Clara River 
in 1927, according to notes from engi- 
neers of the California highway de- 
partment, consisted of 30 concrete 
skeleton tetrahedrons built at a total cost 
of $4,277.26. The tetrahedrons were 
made up of six legs, each 12 in. square 
and reinforced with eight 4-in. bars; 
ihe two outside corner bars of each leg 
were 174 ft. long, and were bent into 
and tied to the opposite corner bars of 
the adjacent leg, and the six remaining 
bars (14 ft. long) were extended into 
the adjacent edge of the junction. The 
bar reinforcement was wound with 
No. 8 wire at 6-in. pitch. The length 
along each leg from corner to corner of 
the tetrahedron was 16 ft.; the height of 
the tetrahedron, measured from the 
ground to the vertex, was about 13 ft. 

The row of tetrahedrons was placed 
with a 16-ft. side slanting toward the 
upstream side and the points of the 
equilateral faces downstream. A space 
of 3 ft. was left between corners of the 
tetrahedrons. Six lines of old 1-in. 
cable secured from near-by oil fields 
were stretched along the upstream side 
of the tetrahedrons, and one line along 
the downstream side; the cables were 
fastened in place by wrapping them 
around the legs or by cable clamps. At 


the bank end of the protection work, : 
cable was passed into a large block 
concrete and anchored. Some brush \ 
used near the bank, to prevent any ) 
sible cutting around the protection w. 

The tetrahedrons in the Santa C': 
River are still in service as they h 
been since the date of construction. 

When the flood following the colla; 
of the St. Francis Dam swept down t 
river channel, the tetrahedrons were 
rectly in the path of the flood, and | 
cause they formed a place of lodgm: 
for débris the alignment was destroy: 
in fact, the entire row of tetrahedr: 
was moved, some of the units \ 
buried, and others were rolled agai: 
the bank. However, after the flood h 
passed, the tetrahedrons were dug « 
and by means of tractors were to. 
back into alignment, the cables were rv- 
paired, and the row now stands, makin: 
an angle of about 30 deg. with the cent 
line of the stream. 

As to the effectiveness of the tetra- 
hedrons in the flood, it is thought that 
they undoubtedly saved the west ap- 
proach of the state highway bridge ju-: 
below their location, and probably 1! 
Southern Pacific Railroad bridge sony 
distance below also benefited. In mod 
erate floods they help to silt up tl 
channel behind them because the cabl 
catch débris; altogether there is a very 
definite tendency to slow up the current 
and cause deposition of sediment. Th 
sediment deposit very definitely has d 
verted the center of the channel awa 
from the west approach of the stat 
highway bridge. 


Belle Fourche River dam 


The following account of the Bell: 
Fourche River operations is from in- 
formation furnished by Frank A. Kit- 
tredge, chief engineer, and W. G. 
Attwell, associate engineer, National 
Park Service, San Francisco, Calif. 

Use of concrete tetrahedrons on the 
Belle Fourche River in the Devils 
Tower National Monument has been 
successful in turning the river into a 
new channel and stopping threatened 
erosion of the entrance highway. Th: 
string of tetrahedrons across the ol 
channel successfully resisted ice jam- 
during the past winters, and has turned 
all except major floodflow into the new 
channel. As a result, the diverted 
water has enlarged the new channel 
from an 8-ft. excavated ditch to a width 
of 85 ft. The work was undertaken in 
1930 after the flood of 1929 had eroded 
45 ft. of highway bank and threatened 
the entrance road to the monument. The 
plan of controlling the river by use o! 
tetrahedrons was based on the use oi 
this method by the California highway 
commission on one of its southern Cali- 
fornia projects. 

The Belle Fourche River near the 
monument in northeastern Wyoming 
makes a series of S bends before pass- 
ing under a bridge that carries the ap 
proach highway to the monument. The 





last 
the 
duri 
road 
chat 
acro 
in § 
T 
take 
and 
the 
in t 
witl 
goo 
vati 
sible 
dire 
mut 
man 
T 
and 
four 
scra 
tion 
rive 
witl 
and 
nel, 
tetr: 
cha: 
T 
toge 
a bi 
sior 
wot 
spri 
into 
tane 
silt 
rier 
tinu 
yea 
7" 
the 
and 
be t 
quil 
mal 
plet 
met 
five 
agg 
was 
wa: 
equ 
plic 
get 
cor 
‘4 
12 
reil 
Th 
tri 
ton 
pos 
Otl 
dra 
C.4 
acr 
bet 
ste 
cab 
ance 
als 





ENGINEERING NEws-Recorp, Octoser 3, 1935 


last bend before the bridge cut toward 
the highway embankment at a rapid rate 
during the flood of 1929, threatening the 
road. The configuration of the river 
channel made it evident that a cutoff 
across the last bend would be effective 
in stopping this threatened erosion. 

The channel correction was under- 
taken by the National Park Service, 
and because of the isolated location and 
the lack of construction organizations 
in the vicinity the work was carried on 
with local day labor. Abundance of 
good stock in the vicinity made exca- 
vation and material hauling by team pos- 
sible and desirable on account of the 
dire conditions in this farming com- 
munity. There were at one time as 
many as twenty teams on the job. 

The new channel was 1,800 ft. long 
and 8 ft. wide. It was excavated with 
four-horse plow teams and_ team 
scrapers. Dry weather favored excava- 
tion down to river grade. To effect 
river diversion into this new channel 
with subsequent scouring to full size 
and final adoption as a permanent chan- 
nel, a row of 39 reinforced-concrete 
tetrahedrons was placed across the old 
channel. 

These concrete tripods were fastened 
together with cables and provided with 
a brush upstream facing to start diver- 
sion. It was planned that the revetment 
would be heavy enough to turn the 
spring ice jam, with its scouring effect, 
into the new channel and would simul- 
taneously affect the deposit of sand and 
silt in the slack water behind ‘the bar- 
rier, so that diversion would be con- 
tinued and finally effected within a few 
years’ period. 

Wood forms specially designed for 
the tetrahedrons were built in sections 
and bolted together so that they could 
be re-used. Assembling of the forms re- 
quired 90 min. for three men, and one 
man was able to remove a form com- 
pletely in an hour. With the arrange- 
ment used, a crew of eight men poured 
five tetrahedrons in one day. Concrete 
aggregate was obtained locally. Steel 
was bent on the job, and the operation 
was rather difficult with the limited 
equipment available because of the com- 
plicated bends required in the rods to 
get them located properly in the 
corners. 

The tetrahedrons consist of six legs 
12 in. square by 9 ft. 3 in. long, each 
reinforced with eight }-in. square bars. 
The vertical. height of the completed 
tripod is 8 ft., and the weight about 3.9 
tons. The tetrahedrons were poured in 
position along the line where possible. 
Others were poured on dry ground and 
dragged into place. 

The tetrahedrons are placed 16 ft. 
c. to c. and extend a distance of 650 ft. 
across the old channel. The connections 
between tetrahedrons consisted of a 1-in. 
steel cable along the top and similar 
cables at the base of the upstream face 
and the downstream face. There was 
also a 4-in. cable stretched along the 


center of the upstream face. These 
cables were strung through }-in. steel 
eyes embedded in the concrete. Each 
tetrahedron was kept from sliding too 
far along the cables by cable clamps 
placed on each side of the steel eyes. 
The cable ends were fastened to con- 
crete deadmen in the bank. Thus the en- 
tire line of tetrahedrons was flexible, 
and each was movable on the cables. 
The whole was capable of adjusting it- 
self to the changes of the riverbed. 

To aid in diverting the low-water flow 
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third season. The floods were expected 
to catch the débris and driftwood and 
deposit silt behind the dike. Che 


tetrahedrons succeeded in accomplish 
ing in the first year much more than 
was expected. 

The hog wire on the cables picked u 
enough brush and leaves to make a da: 
in front of the tetrahedrons. = Silt 
ettled 4 it. deep over the entire old 
channel below the revetment caused by 
the lesser velocity. The ice aided in 
eroding the new channel to an adequate 





FIG. 2—DIKE across the old channel of the Belle Fourche has filled it with silt and 
diverted full flow into the cutoff channel. 


into the new channel, to expedite ero- 
sion, widening, and deepening, hog-wire 
fencing was wired on the upstream face 
of the tetrahedrons extending up to the 
middle cable. A layer of brush was 
placed in front of this wire, and an 
earth dike was built against the brush. 
This arrangement completed the con- 
struction of the revetment work, with 
the exception of some sandbags on the 
top of the earth dikes and riprap to re- 
tard erosion when the dike was topped. 

The results expected from this con- 
struction planned for rather complete 
diversion possibly by the end of the 





FIG. 3—DEBRIS that collected on the 

tetrahedron dike on Belle Fourche River 

formed an effective dam. Rock formation 

known as the Devils Tower is shown in the 
background. 


width. Everything happened just as 
planned on except that the ice, in form- 
ing, “plucked’’ many small boulders 
from the bed of the river near its source 
and carried them to the revetment work. 
When an ice jam formed against the 
tetrahedrons during the spring freshet, 
it unloaded many tons of plucked rocks, 
and thus nature reinforced the skeleton 
concrete barrier with a rock bar on the 
upstream side. These deposited boulders 
have been of very material assistance 
in forming a barrier to divert the low 
water, but they have little effect upon 
the high water. 

Now, in 1935, after more than five 
years of use, the new channel is fully 
widened and adequately carrying the 
stream exactly as planned, and the 
water and ice floes are directed under 
the bridge through a straight channel. 
The great loop of the old channel, which 
threatened the highway and bridge with 
every period of high water, has now 
backfilled to a height of 6 ft. or there 
abouts, and is being fast overgrown 
with willows, cottonwoods and brush. 

The Park Service experience in this 
instance indicates: first, that the flexible 
type of tetrahedrons has adequately 
served to accomplish the purpose de- 
sired; second, the cost has proved much 
less for this type than for a rigid type; 
third, it is believed that the flexible type 
is far more effective in that it en- 
courages nature to do the larger part of 
the work, and has definitely accom- 
plished the backfilling of the old channel 
better than would have been the case with 
a rigid type of protection. 
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BRIDGE WITH WELDED STEEL-PLATE FLOOR over Tuscarawas River in southeastern Ohio whose construction provided instructive 


data on the effect of weld shrinkage and methods of avoiding it. 


vertical end posts and swaybracing. 


Lessons Learned in Welding 
A Steel-Plate Bridge Floor 


By H. H. Hawley and J. C. Merrell 


Designing Engineers, Bureau of Bridges, | 
Ohio Department of Highways, Columbus, Ohio 


P [ces Ohio highway department re- 
cently opened to traffic a_steel- 
truss bridge with welded steel- 

plate floor, in the construction of which 

there arose many problems whose solu- 
tion should be of interest to engineers. 

Spanning the Tuscarawas River on 

U. S. Route 36, 4-mile west of New- 

comerstown, the bridge consists of three 

riveted through-truss spans of 163, 148 

and 163 ft.; the trusses are 24 ft. high 

at the center. The floor, accommodating 

a 24-ft. roadway, is of all-welded steel- 

plate construction, with raised-lug type 

plates 4 in. thick. There are other in- 
teresting features, such as rigid-frame 


overhead bracing, vertical end posts and 
steel-angle curbs, but the problems en- 
countered in welding the steel-plate 
floor are especially noteworthy. 

This bridge replaced a_ three-span 
through Pratt truss built in 1903, which 
had a 15-ft. roadway, a 4-in. timber 
strip floor, and rested on cut-stone piers 
and abutments. The superstructure was 
too light and too narrow to carry pres- 
ent traffic with safety, and while the 
substructure was in good condition, in 
addition to being too narrow, it was 
considered inadequate in footing area to 
support the reactions of a standard-type 
truss with reinforced-concrete slab floor. 
In order to utilize the existing piers, 
therefore, the necessary width at the top 
of each pier, to support the bolsters and 


DISTORTIONS IN FLOORBEAM (left) and bottom chord (right) caused by shrink- 
age stresses in welded plate floor. 





Note pier-cap girders, which permitted use of old narrow piers, also 


rockers, was provided by a structural 
steel cap cantilevering about 3 it. 
either end and filled with concrete fo 
added rigidity. The steel-plate floo: 
lightened the superstructure load m 
terially. Also by using the old substru 
ture, the bridge was built with a net 
saving of between $30,000 and $40,000. 

The floor system consists of 30-i: 
108-Ib. WF floorbeams at about 16-( 
4-in. centers, 12-in. 25-lb. WF stringe: 
at 4-ft. centers, and 6-in. I 12.5-1I 
transverse substringers at 2-ft. centers 
The stringers rest on riveted shelf 
angles and are welded to the floorbeams 
at both flanges and on both sides of th: 
web. The substringers are welded 1 
the stringers in the same way but do not 
rest on shelf angles. The 4-in. steel- 
plate floor consists of plates 24 ft. lon: 
extending from curb to curb, and about 
4 ft. wide. These are welded together 
and to supporting beams with a con- 
tinuous butt and bond V-weld fro 
curb to curb, and with fillet welds t 
curb stringers across the ends. The plat: 
are attached to intermediate stringers 
and substringers by té-in. plug weld: 
All welding was done by the electric-ar: 
method using a heavy coated electrod: 
to produce a shielded arc. 

Although the department has con- 
structed other bridges with welded bat 
tledeck floors without special difficulty 
this was its first attempt to use this typ 
of floor system on a steel-truss bridg: 
While some shrinkage occurred in th 
previous structures, its effect was not 
serious, but in this case the accumulativ: 
shrinkage developed by 36 to 40 trans 
verse V-welds per span caused unfore- 
seen problems, which were especiall) 
enlightening with regard to the actio: 
ot welded construction. In particula: 
whenever the shrinkage of this welding 
is in Opposition to the stresses in other 
members of the structure, it builds up or 
relieves this stress; and when the re- 
straint furnished by other members is 
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not sufficient to resist or absorb this 
shrinkage, it causes distortions in those 
members. 


Welding procedure 


Welding was started at one end of the 
bridge and progressed toward the other. 
All welding was completed on the 
stringers: and substringers in a span 
before any welding was begun on the 
plate floor. In welding down the plates, 
the original procedure was first to tack- 
weld both sides of a plate and then to 
make the plug welds, applying two or 
three blows of a heavy sledge on each 
weld when it was hot and about hali 
completed, to force the plates down into 
contact with the beams. After complet- 
ing the plug welds, the first pass was 
made at the back edge of this plate. 
Welding was then started on the next 
plate with the second and third passes 
following the first very closely. The 
stepback method was used in making all 
three passes for the V-welds. 


Distortion of floor and chord 
members 


As this plate-welding progressed, it 
was noticed that the accumulated shrink- 
age from the welding was through the 
lines of stringers, pulling on the floor- 
beams ahead and causing them to bow 
toward the welding, until by the time 
welding was completed in the first span 
this bow amounted to 14-in. in the end 
floorbeam. This condition was con- 
sidered unsatisfactory, but there was a 
considerable difference of opinion among 
the contractor, the field and the office 
engineers regarding the best way o: 
remedying it. By this time the stringer 
welding was completed, so it was de- 
cided to attempt to reduce further 


@Distortions in floorbeams 
and chords caused by shrink- 
age in floor-plate welds may 
be eliminated by a minimum 
of transverse welds, by post- 
poning stringer - floorbeam 
connections until plate welds 
in panel are complete, and by 
peening each pass of a weld 
before it has cooled 


shrinkage by the 
welding procedure: 

Plates were first tacked at the back 
edge. Then the first pass was made at 
the back edge of the plate, after which 
the plates were forced down tight, and 
the plug welds made. Work then pro- 
gressed to the next plate, with the 
second and third passes following any 
time that was convenient. This pro- 
cedure did not appreciably reduce the 
bowing of the floorbeams, probably be- 
cause there was still a large amount of 
shrinkage from the second and _ third 
passes. Some of the bottom chords, all 
of which were of two vertical 12-in. 
steel plates with diaphragms between 
them, showed a slight buckle, indicating 
that the shrinkage of the plate floor had 
absorbed the tension from these chords. 
Also the stringers were bowed down- 
ward about *% in. in the intermediate 
panels and § in. in the end panels. 

To relieve the bowing of the floor- 
beams, the welding procedure in the last 


following change in 


DETAILS of steel-plate floor which required 

special construction procedure to reduce 

weld-shrinkage effects. A better arrange- 

ment would be to lay plates lengthwise in- 
stead of transverse to stringers. 


----> 
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span was changed to the extent of weld- 
ing both end panels first, so as to form 
a rigid panel at each end to resist bow- 
ing. Welding then progressed toward 
the center with the same procedure for 
the individual plates as was used in the 
preceding span. This resulted in prac- 
tically eliminating the bowing of the 
floorbeams, but it caused most of the 
bottom chords to buckle badly, some as 
much as 4 in. out in 12 ft. 


Straightening the chords 


These distortions in the floor and 
hottom chord were studied as to their 
possible effect on the usefulness of the 
structure, and it was decided that the 
bottom-chord members should — be 
straightened and the dead-load stress 
put back into them. Several methods ot 
doing this were considered. First, it 
would have been possible to cut through 
the floor system in each panel, but that 
seemed likely to increase the deflection 
in the stringers since it would destroy 
their continuity. Secondly, the possi- 
bility of cutting the floorbeams free from 
the truss was considered, but this would 
have been very expensive as it would 
have required shoring and new connec 
tion angles, and the riveting would have 
been very difficult and perhaps unsatis- 
factory. 

The method finaily decided on and 
used was to cut loose the splices in the 
bottom chords, straighten the chords 
and install shorter splice plates so as to 
put tension back into the chords. The 
procedure was to remove the splice 
plate nearest the distortion and cut off a 
slight amount (4 to 4 in.) from the end 
of the chord. The chord was _ then 
straightened, and temporary _ splice 
plates, shorter than the original, were 
put on and tightened with drift pins. 
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Several lengths of splice plates were 
tried until one was found that would 
give the desired stress in the member, 
as measured by a strain-gage. When 
this length of plate was determined, new 
splice plates, made to this length, were 
ordered from the shop. These plates 
were put on, and the member was pulled 
tight with drift pins, after which it was 
riveted up, allowed to cool and the 
stress in the member measured. The 
final stress in each case was reasonably 
close to the predetermined stress desired. 


Effect of peening 


While work was progressing on the 
welding, over a hundred readings were 
taken with the strain-gage, to measure 
the shrinkage of the butt and bond V- 
welds; the effect of peening in reducing 
this shrinkage was also studied. It was 
noted that: 

(1) Without peening, one of these 
welds shrunk approximately 0.12 in. Of 
this shrinkage, 0.030 in. occurred from 
the first pass, 0.051 in. from the second 
pass, and 0.035 in. from the third pass. 

2) Cold peening of the completed 
weld removed less than 0.01 in. of this 
shrinkage. 

(3) Cold peening of each pass after it 
was completed reduced the total shrink- 
age to approximately 0.058 in. 

(4) Peening of the individual passes 
seems to have a two-fold benefit—that 
is, not only does it stretch the preceding 
pass, but it also seems to reduce the 
shrinkage of the following pass. 

(5) There seems to be very litle bene- 
fit from peening the final or third pass. 

Tests were made using different-sized 
electrodes, but always with three passes. 
Larger electrodes seemed to cause 
greater shrinkage, but this was not defi- 
nitely proved since some joints showed 
the reverse. However, had more passes 
been used with the smaller electrodes, 
there is a possibility that the shrinkage 
could have been reduced in this way. 


Sastifactory procedure proposed 


As a result of our experience, we be- 
lieve that the difficulties encountered 
would have been eliminated or greatly 
reduced by some combination of the fol- 
lowing changes in the design and con- 
struction : 

(1) Plates should run lengthwise in- 
stead of across the floor, so as to reduce 
the number of transverse welds. 

(2) Stringers should be left free on 
one end until the welding of the floor 
in the panel is completed, so as to mini- 
mize the effect of shrinkage in distort- 
ing floorbeams and trusses. 

(3) Each pass of a weld should be 
well peened as soon as possible after 
placing, preferably before it has cooled. 
Effective peening can be accomplished 
with a riveting hammer using a V- 
shaped snap that fits into the weld. 

(4) By reducing the angle of the V- 
weld between the edges of the plates 
from 75 to 60 deg., the amourt of weld 
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metal in one of the butt and bond V- 
welds will be reduced, which should 
effect a reduction in shrinkage. 

(5) Pre-cambering of stringers or 
floorbeams may be desirable to counter- 
act the effect of shrinkage. 

The difficulties encountered in the 
construction of this bridge serve to em- 
phasize an inherent characteristic of 
welding—i.e., the unavoidable shrink- 
age that occurs when the weld metal 
and the adjacent structural steel cool 
to normal temperature. This tendency 
cannot be eliminated, but it devolves 
upon the designer to arrange the welded 
joints so that the accumulative effect of 
this shrinkage stays within reasonable 
limits. 

Upon the contractor and field engi- 
neer falls a like responsibility in plan- 
ning and carrying out such welding 
procedure as will anticipate the effect of 
the welding operation upon other mem- 
bers of the structure. Although there 
is some difference of opinion regarding 
the merits of peening as a means of re- 





lieving stress in a welded joint, in 1}, 
minds of those connected with 
project there remains little doubt t!..t 
the peening applied to each layer of | 
posited metal is of definite value in 
ducing the shrinkage. A visual exami: 
tion of the welded joints disclosed 9.5 
apparent damage to the peened wild 
metal, and it is thought that this oper.- 
tion is of sufficient value to justify ‘1 
use on any similar work. 

This bridge was built by the Lack.- 
wanna Steel Construction Corp., Bui- 
falo, N. Y. The work was done und:r 
the direction of John Jaster, Jr., direc 
tor of highways; Carl G. Wahl, assi-\- 
ant director; J. R. Burkey, chief engi 
neer of bridges; W. H. Rabe, chief de- 
signing engineer of bridges; and Elm 
Hilty, chief engineer of construction. 
Field-construction operations were un- 
der the supervision of B. H. Frasch, 
division engineer, and C. W. Me- 
Caughey, division bridge engineer. The 
writers acted as technical observers dur- 
ing the progress of construction. 


— 





Computing Cross Section Areas 
from Elevation Notes 


Jack A. Arthur 


Senior Engineering Aide, 

U. S. Bureau of Public Roads, Gatlinburg, Tenn, 

NGINEERS in the Great Smoky 
J, Mownains National Park, Gatlin- 

burg, Tenn., use a method of com- 
puting cross-section areas in terms of 
elevation notes that has been found to 
be of advantage where it is not prac- 
ticable to record plus and minus notes in 
the usual manner. 

This method, which is applicable to 
areas of any shape, is especially suitable 
to unbalanced sections, such as borrow- 
pits and retaining-wall foundations 
where the limits of the proposed excava- 
tion are dependent upon unknown fac- 
tors. Also, for multiple-sloped roadway 
sections and for measuring up uncom- 
pleted work at different stages of con- 
struction, the method has simplified both 
field and office work. 

The actual elevations of the original 





{4820 i\ 
a \4819 


“¥ 00 


FIG. 1—IRREGULAR cross-section areas, 
such as borrowpits, easily computed from 
elevation notes. 


ground line are written about the cen 
ter line, placing the elevation of each 
point over its corresponding distance 
out from the center line in the usual or- 
der. These notes may then be criss- 
crossed around the entire excavated 
area, clockwise to the right, and coun- 
terclockwise to the left of the center 
line (see Fig. 1). The net vertical 
amount of cut or fill, at any particular 
point, is unimportant for these com- 
putations, since the entire area from the 
original ground line down to the datum 
elevation is computed, and the area from 
the limit of excavation down to datum 
is automatically cancelled, leaving the 
net double area of the required section 
as a result. 

Any number of feet may be deducted 
uniformly from all elevations for con- 
venience, and the result will, of course, 
be the same. For instance, if the eleva- 
tions at the corners of the section were 
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FIG. 2—END AREAS of cut, fill and 
wall sections present an easy problem. 





4218, 4209, 4208 and 4212, the whole 
number 4200 could be subtracted from 
each, leaving the smaller figures of 18, 
9, 8 and 12 with which to work. In 
Fig. 1, using 4800 as the datum eleva- 
tion, the ordinates (above) and abscissas 
(below) would be: 
19 20 17 27 31 35 


00 15 30 19 00 12 

4 30 26 18 19 

Zee VY DB ® 

When set up for cross-multiplication, 
they would be 

19 (00—15) 

20 (00—30) 

17 (15—19) 

27 (30—00) 

31 (19+-12) 

35 (21—00) 

34 (18—12) 

30 (17—21) 

26 (20—18) +52 

18 (00—17) —306 

19 (00—20) == —380 
—1,759 +2,762 = 1,003 
double area. 

Area of section = 501.5 sq.ft. 

The rule is no different from that for 
computing plane surface areas from 
coordinates: “Multiply the ordinate of 
each corner by the difference between 
the abscissas of the two adjacent 
corners, always subtracting the tollow- 
ing abscissas from the preceding abscissa. 
The area is one-half the sum of the 
products.” (Tracy, “Plane Surveying.” ) 

For excavations lying entirely to one 
side of the center line, such as retain- 
ing-wall foundations, elevation notes 
may be similarly recorded and com- 
puted. The abscissas are the measured 
distances out from the roadway center 
line or from a reference line established 
for this purpose. 

For partly graded roadway sections, 
it is customary to take an elevation at 
the center line of the section. This cen- 
ter line elevation, however, is not es- 
sential, since the notes written around 
the field to the right of the center line 
may cross to a point on the left side (or 
vice versa) by changing only one of 
the abcissa signs. 

This method of computation may be 
applied to any form of cross-section as 
long as the notes are written in the 
above described order. The fact that 
one of the points may be lower than 
datum elevation does not affect the re- 
sults. It is necessary only to change the 
ordinate sign for this point, or a lower 
elevation datum could be assumed. 

This method lends itself to comput- 
ing the whole or any part, of a cross- 
section. Fig. 2 shows how .the method 
is used in computing a section where 
both cut and fill as well as retaining- 
wall are to be estimated. Each portion 
of the section may be considered as one 
section. The figures for the retaining- 
wall section are: 

2 7 10 30 30 

Poe. eon. ee 
which, when cross-multiplied as shown 


—285 

—600 

—68 
+810 
+961 
+4735 
+204 


PH eee 


sq.it. for 
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above, gives 92 sq.ft. as the area of the 
wall section. 

For the area of the rockfill section 
the figures would be: 

28 20 14 7 29 28 


mae aL. ee 


And for the bench excavation: 
14 7 10 14 


24 30 34 24 
which gives areas, when computed by 
the method shown, of 129 and 23 sq.ft. 
respectively. 


Letters to the Editor 


Frequency of Intense Rainfall 


Sir—The article, “Frequency of Ia- 
tense Rainfall in Iowa Analyzed,” by 
F. T. Mavis and D. L. Yarnell, in your 
issue of Aug. 8, p. 190, was of unusual 
interest to me in that it so closely fol- 
lowed the method used in developing 
the rainfall-intensity factor charts which 
were presented in 1930 as “Formulas 
for Rainfall Intensities of Long Dura- 
tion,” Vol. 96, Transactions, Am.Soc. 
C.E. This work first bridged the gap 
between 120 min., usually taken as the 
upper limit of short-duration rainfalls, 
and one-day rainfall, the lower limit of 
long-duration rainfall studies of which 
the Miami Conservancy District report 
is outstanding. At the time, the rain- 
fall intensity formulas of Adolph F. 
Meyer, applicable to eastern United 
States, were in general use and were 
serving the field embracing short-dura- 
tion rainfalls as the Miami isopluvial 
charts were meeting the same need in 
problems involving rainfall of several 
days’ duration. In my study the two 
works were brought together to give 
a general expression for rainfall in- 
tensity applicable to durations of 2 
hours to 6 days and longer. 

From these charts the average rain- 


30 F°™ 


t 2 


fall equation for Iowa is i = 


The accompanying diagram (Fig. 1 
of the above article) shows the result- 
ing rainfall-depth curves for 2-hour to 
6-day durations, together with the in- 
terpolated Meyer curves (average of 
groups 2 and 3), for durations of 5 
min. to 2 hours, superimposed upon 
the authors’ average-curve group for 
lowa. There is little difference in the 
net results, although the author’s data 
have been brought up to date. 

Discussion of my paper also brought 
to light the apparent relation between 
monthly rainfall and 24-hour rainfall 
of the same frequency. Equations 
taken from the charts produce accepta- 
ble monthly rainfall depths, but in the 
greater number of cases presented in 
Table 7 of the paper the observed 
monthly depth fell slightly below the 
computed curve for frequencies above 
25 years, agreeing with the flatter slope 
of the monthly rainfall curve below. 

The lowa study is another of an 
ever-increasing number of successful 
demonstrations of the composite rainfall 
record and its usefulness in the absence 
of long-term single-station records. 


Orange, Texas, y 
meee oe tees. MERRILL BERNARD, 
Consulting Engineer. 


CURVES of intense rainfall frequency for Iowa (Fig. 1, ENR, Aug. 8, 1935, p. 190) 
upon which have been superimposed curves interpolated from Meyer’s curves for 
durations of five minutes to two hours. 
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Make the Best of It 


HE FOUR-BILLION-DOLLAR works relief 

fund has all been allocated, according to the 

President’s statement as he left for the West. 
The final figures for the several classifications of relief 
operations bear the least possible relation to the tentative 
ones laid down by Congress; the PWA, for example, 
got a little over $300,000,000 instead of $900,000,000. 
The emphasis is on WPA operations with their greater 
opportunity for waste. This lays an added load on the 
already harassed municipal officials who must plan, and 
possibly direct, the WPA operations. Unless they are 
ever on the alert to find the most useful work that can 
be undertaken under the limits set for WPA expendi- 
tures the nation will have little to show for the vast 
expenditures of the coming winter. Theirs is a difficult 
and discouraging assignment, but we are confident that 
they will make the best of the situation. 


Dikes of Tetrahedrons 


THe GEOMETRICAL CHARACTERISTICS of the tetrahedron 
have given it interest to many peoples in all times—some 
of them have even ascribed esoteric meanings to this 
form, equally stable in any position. Because of its 
characteristics of stability the tetrahedron has interested 
river engineers as a possibility in both revetment and 
permeable dike construction. Just now considerable areas 
of bank protection on the Mississippi River are being 
constructed of multiple layers of small precast concrete 
tetrahedrons; these stand firmly on their sides, or if 
standing on edge dig into the bank, nesting together 
closely ; if stirred about by the current they merely turn 
over onto a new base, dig deeper and nest more closely— 
this at least is the theory. Asa device for dike construction 
the tetrahedron is a far different structure, as is ex- 
plained in this issue, and unfortunately it has been given 
a bad name because of neglect in early use. Given care 
it has served its purpose well on California rivers, and 
continues to do so, and the improved tetrahedron dikes 
of the National Park Service are doing all that could be 
expected of a permeable dike. Its new record and the 
improved construction with connecting and anchoring 
cables give the tetrahedron structure strong claim for 
consideration, in its appropriate place, as an effective 
means for river regulation, 


Armoring Concrete Piles 


To Meet THE ATTACK of sea water and frost on con- 
crete piles in the zone of tide exposure recent practice 
is resorting to the use of armoring integrally attached 
to the pile. Examples of this practice are the Bellamy 
River bridge (ENR Jan. 24, 1935, p. 121) and the Bass 
River bridge described in this issue. In these New Eng- 
land waters frost and ice abrasion as well as penetra- 
tion of the sea salts are prime destructive actions against 
which concrete has to be guarded. The strongest de- 
fense is higher density and strength of the concrete. 
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These qualities were obtained at Bellamy River by m: (. 
ing into the pile as it was cast a belt of precast slab- .j 
asphalt-impregnated concrete; at Bass River by cas: iy 
the pile with a circumferential recess which was ai 
ward filled with reinforced air-applied concrete. To °)\ 
practical constructor interest in both methods lies in ||. 
possibility of obtaining a bond between the body of |. 
pile and its armor belt that will withstand the sho 
of driving the pile. The slightest loosening of the 
tective shell would introduce the danger of pile destruct.» 
Observation of the driving has indicated that the bi. 
remains secure, but enough time has not elapsed for ° 
elements to disclose their effects. If time shows 1 
weaknesses, integral pile armoring will deserve rank a- a 
new and useful element of harbor construction. 


Cotton for Roadbuilding 


Cotton Fasric would appear to have few less appro- 
priate uses than as a structural part of a modern high- 
way. Yet the indications are, as described in this issuc, 
that cotton cloth will become an accepted aid of the |)i- 
tuminous roadbuilder for stabilizing some of his types 
of surfacing. Coinciding with the recent recognition 
cotton curing mats for concrete roads, the new <e- 
velopment puts cotton well up in the list of roadbuil- 
ing materials. The initiative in this development natur- 
ally was taken by the cotton-growing states; Texas an 
South Carolina were particularly active, though in dii- 
ferent ways. Texas emphasized concrete curing wit) 
cotton mats, while South Carolina turned attention to 
the use of cotton cloth as a reinforcement and stabilizer 
for thin bituminous surfacing. The investigations and 
experiments of both states bring forward useful facts 
pertinent to better and cheaper road construction. Their 
application is not restricted to any place or occasion: 
some of the northern states are the greatest users oi 
cotton curing mats and the use of thin bituminous sur- 
faces is as general as is road improvement, 


Profitless Mistakes 


Axiomatic As It May Seem that engineering owes 
much to its willingness to profit from mistakes, it is 
proper to question whether it profits as much as it should. 
One may easily learn lessons from his own failures, but 
does he permit others to profit from them as well? We 
raise the question because we feel that the answer too 
often is no. We raise it at this particular time because 
we are privileged to publish in this issue an article that 
reflects an attitude which, if general, would do much to 
accelerate and consolidate engineering advance. The 
article concerns a welded plate floor on a steel truss 
bridge and the difficulties experienced with shrinkage 
stresses during its construction. In attempting to 
eliminate the difficulties, much was learned about 
shrinkage stresses and ways to avoid or minimize them. 
This new knowledge will, of course, be used on the 
next bridge that these engineers design. But it may also 
be used by every other engineer because those respon- 
sible for this job had the courage to admit their mistakes 
and the integrity to analyze them and publish their con- 
clusions for the benefit of the profession. The reply of 
J. R. Burkey, chief engineer of bridges of the Ohio state 
highway department, to our inquiry about rumored 
trouble with this particular bridge cannot be too highly 
praised. “Perhaps a frank statement of our difficulties,” 
wrote Mr. Burkey, “and the manner in which we 
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attempted to meet them will save others the pain of 
similar mistakes.” The old adage that “We profit from 
our mistakes” is true but is in danger of becoming a 
trifle trite unless the veil of secrecy is removed from 
the mistakes. A little more courage in admitting 
failures, a little less pretense of infallibility, broadly 
applied throughout the profession, would do more for 
engineering advance than reams of erudite writings 
about phenomenal successes. 





Initiative in Engineering Training 


O MAKE FAILURE CERTAIN, says John F. 

Stevens, an engineer should do nothing of his own 

volition but should “pass the buck.’ Thus the 
veteran railroad and canal builder sets forth with char- 
acteristic directness a maxim that he put into effect dur- 
ing the period in which he was directing operations on 
the Panama Canal. The maxim would grace the threshold 
of every engineering school, where it would first greet 
the eyes of the young man entering the engineering 
profession. 

Both the engineering student and the ripened engin- 
eer with a large organization to administer may well 
give heed to another maxim set forth by Mr. Stevens 
in his recently published comments on his Panama 
Canal days. Give the official ample authority, he ad- 
vises, and hold him responsible for results. “Such a 
policy encourages initiative, which is a most valuable 
asset to an engineer.” 

Two general courses lie before the young student of 
civil engineering; one leads into channels in which en- 
gineering principles are put into practice through the 
design and construction of engineering works; the other 
leads into research, which seeks an answer to unanswered 
questions or aims to expand the engineer’s knowledge of 
the fundamentals of his art. Mr. Stevens’ comment is 
directed less to the latter field, the domain of scientists 
rather than engineers, than to the field of design and 
construction. Yet the student who goes into research 
is equally in need of initiative to carry his research 
beyond the beaten path. 

For the man who elects to prepare for design and 
construction or activities closely related to them, Mr. 
Stevens’ maxims have the more direct significance. In 
the period of his junior positions the young engineer 
will find that the amount of initiative he shows will 
largely determine his rating with his superiors. Stevens 
was but a youth when he devised a scheme for bridging 
the Columbia River and successfully executed it des- 
pite the ill-concealed skepticism of his elders; he was 
still young when he took matters in his own hands and 
completed a switchback line in the Cascade Mountains 
before James J. Hill arrived to pass upon it, being confident 
that he had found the best solution. 

The continued advance of engineering depends in 
large measure upon the initiative of the young men of 
the profession. Development of initiative, therefore, 
should be one of the main objectives of the student 
entering the engineering profession. It does not mean 
less time devoted to the engineering sciences and arts, 
but rather such an approach as to determine how each 
may provide opportunities for the exercise of initiative. 
And if the instructors will observe Mr. Stevens’ second 
admonition—if they will give ample opportunity for the 
exercise of initiatives—the student should be able to 
lay a firm groundwork for a useful career. 
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A Work of Human Service 


ACK of the President's formal dedication of 

Boulder Dam on September 30 lies something 

broader and more important than the mere com- 
pletion of a work of construction, gigantic and difficult 
though this be. The national achievement which the 
dedication fittingly celebrated is the control of the 
Colorado River, a victory of man over nature that has 
enduring ‘significance for the western empire. Never 
before has a great stream been thus controlled, its 
violence curbed and its full possibilities for good brought 
under human command. The huge reservoir behind the 
dam makes secure the future growth of a vast region 
extending from the mountain front at Denver to the 
shores of the Pacific at Los Angeles and San Diego. 

Decades of dreaming and hoping and planning pre- 
pared for the event. Scores of able men gave their skill 
and labor to its realization. Their work began with the 
magnificent demonstration of what the Colorado can 
do for mankind that was given more than three decades 
ago by the creation of Imperial Valley. Almost at 
once the river’s powers of destruction were revealed 
when in 1905 it broke the bounds of its inland delta, 
which ages before had cut off the valley from the gulf 
of California, and threatened to engulf forever the rich 
province just created. From that time forward, think- 
ing men of the southwest gave unceasing study to the 
complex problems which the river presents. 

The Colorado’s waters are potentially the lifeblood 
of existence of uncounted acres. Its variable flow, how- 
ever, has brought alternate flood destruction and parch- 
ing water famine to those dependent on it. Out of this 
erratic condition grew also the bitter state rivalry for 
the water, which threatened ultimately to deprive all 
the states of its effective use. To save the water, to 
prevent flood destruction, to remove the grave dangers 
contained in the river’s silt volume, and to unlock its 
vast store of hydraulic energy, it was early seen that 
everything depended on conserving and equalizing the 
river’s flow. But before this could be even approached 
an amazing tangle of human, political and engineering 
difficulties had to be unraveled. 

In 1922 the Colorado River compact, concluded under 
the skillful guidance of Herbert Hoover, prepared the 
way on the human and political side. Beginning even 
earlier, the engineering genius of Davis, Weymouth, 
Young and their collaborators solved the technical 
problems, even though it was necessary to undertake a 
dam twice as high as any before attempted. Finally, 
Johnson and Swing succeeded after almost hopeless 
efforts in awaking Congress to its obligation of carrying 
out the work as a national enterprise. 

What has since been done by the engineers and the 
contractors, under the competent leadership of Elwood 
Mead, has been chronicled in the pages of ENGINEERING 
News-Recorp during the five years of construction. It 
was epoch-making work, marked by bold pioneering 
and by research that pushed back the frontiers of en- 
gineering science. The genius and energy of the con- 
struction attack is attested by completion of the work 
more than two years in advance of schedule. Boulder 
Dam is preeminent as an engineering achievement. But 
beyond ard above its rank in technical regard is the 
place of Boulder Dam as a great work for human 
service, a work that reclaims an entire region and makes 
the great powers of the Colorado River subservient to 
the use and convenience of man. 
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CURRENT NEWS 





Nebraska Public Power Plan 
To be Started With PWA Funds 


An allotment of $10,000,000 asa PWA 
loan and grant to the Central Nebraska 
Public Power and Irrigation District to 
start construction of a four-county power 
and irrigation project was approved on 
Sept. 27, by President Roosevelt. The 
grant of $4,500,000 will come from the 
relief works appropriation of $4,880,000,- 
000 and the loan of $5,500,000 from old 
PWA funds. The project will be con- 
structed under PWA regulations. 

The project will consist of two reser- 
voirs, one of 209,000 acre-ft. capacity and 
the other of 300,000 acre-ft. capacity, 226 
mi. of irrigation canals, three hydroelec- 
tric plants with a tentative total capacity 
of 33,500 kw.; two of 12,500 and one, 
8,500 kw.; and an electric transmission 
and distribution system. The project will 
be located in Gosper, Phelps, Kearney and 
Adams counties in the table land area south 
of the Platte River in central Nebraska. 
The project will afford irrigation to a 
large portion of these four counties, where 
the ground is progressively decreasing in 
fertility because of a lack of water. It 
also will result in cheap electric power 
within the district. The project is to be 
self-liquidating. The Central Nebraska 
Public Power and Irrigation District has 
informed PWA that the project can be 
completed within twelve months after con- 
struction is started. It is estimated that it 
will provide 21,570,650 man-hours of em- 
ployment. 

Work to be included in the project is 
shown in the following table: 

266 miles of irrigation 


CRE CAavasectace sare 13,000,000 cu.yd. 
2 earth dams 5,000,000 “ “ 
2 tunnels through earth, 

lined with concrete 20.000 ft. 

3 Platte River diversions 

3 power houses 

3 hydroelectric units...... 32,000 K.W. 
Transmission lines, con- 

crete work, and bridges, 

RE ONE a a ane ep ais $20,185,000.00 


FHA Issues Booklet 
On Modernization Loans 


The Federal Housing Administration has 
recently issued a 24-page bulletin entitled 
“Loans up to $50,000 to Modernize Build- 
ings Under the National Housing Act.” 
The booklet is designed to inform owners 
of business property regarding certain pro- 
visions of the National Housing Act and 
the advantages of using government-in- 
sured modernization credit to improve 
business property. The booklet is con- 
cerned with examples of how modernizing 
of business properties has increased profit 
to owners, and then takes up discussion of 
the types of properties eligible for loans up 
to $50,000. The booklet also points out the 
advisability of retaining a consulting engi- 
neer on factory and production modern- 
ization. 


Works Program Allotments Revised 
As ‘Roosevelt Leaves For West Coast 


(Washington Correspondence) 


UGGLING allotments from the $4,000,- 

000,000 relief works appropriation with 
lightning rapidity, President Roosevelt de- 
parted for the west coast. With him went 
Administrators Hopkins and Ickes. A 
week of feverish activity in finally shap- 
ing up the employment crusade left the 
subordinate staffs of the Works Progress 
Administration and the Public Works Ad- 
ministration physically exhausted. 

WPA will be responsible for coordinat- 
ing execution of all projects financed 
wholly or partly from relief works funds. 
In scheduling commencement of all proj- 
ects, state works progress administrators 
and district directors were instructed this 
week to give priority to PWA projects; 
low cost housing (PWA and Rural Re- 
settlement); WPA projects, particularly 
those on which a large percentage of the 
cost is met by local contributions, and 
projects in priority lists to be supplied by 
Administrator Hopkins’ office in Washing- 
ton from time to time. This list of prefer- 
ences seems to anticipate that the relief 
works program may terminate abruptly 
leaving projects unfinished just as did 
CWA two years ago, although state 
directors are under orders not to withdraw 
labor from projects already under way if 
such withdrawal would imperil completion 
of a going project to a degree detrimental 
to the public interest. 

State administrators are instructed to 
report to Washington if lack of eligible 
relief labor promises to delay execution 
beyond a reasonable time of projects oper- 
ated by agencies other than WPA. This 
provision is obviously directed at PWA 
projects in which difficulty in obtaining 
qualified labor from relief rolls is antici- 
pated 


Ickes hopes for more funds 


PWA Administrator Ickes cherishes the 
hope, however, that more funds will be 
made available for public works as the 
program progresses, hinting that a con- 
tinued rise in private employment possibly 
may permit diverting WPA funds to PWA 
which admittedly does not produce as 
much direct employment per dollar. 

The final list of PWA projects ap- 
proved by President Roosevelt included 
grants totaling $200,139,037 for 3,340 proj- 
ects, of which the majority are buildings, 
predominantly schools and hospitals. This 
raises PWA’s total to $316,358,296, rep- 
resenting 45 per cent. grants to 3,956 proj- 
ects to cost $703,018,435, exclusive of 
grants of $225,000 to the South Carolina 
Public Service Authority for the Santee- 
Cooper power project, $1,575,000 for a new 
Oregon state capital building, $4,500,000 
to the Central Nebraska Public Power 
and Irrigation District and a loan of 
$10,500,000 from relief works funds to the 
Lower Colorado River Authority. 

President Roosevelt lopped $20,000,000 


from previously approved allotments t: :al- 
ing $101,150,000 for reclamation projc 
forcing extensive revision of plans «y 
eleven projects and eliminating two. .\. 
finally approved PWA’s low rent hous ny 
program includes 37 projects to cost $s. 
843,000 plus a reserve fund of $1,350, 
For suburban housing, the Resettlenen: 
Administration received an allotment 
$30,000,000, with a prospect of firework 
between Tugwell and Ickes, who likewise 
favors projects in city environs in order 1 
avoid high land costs in present slum 
areas and condemnation proceedings jn 
which the courts have tied his hands wit! 
injunctions questioning the constitutio 
authority of the federal government 
condemn land for this purpose. 

Other allotments to the Resettlement 
Administration include $7,000,000 to com- 
plete several subsistence homestead Proj- 
ects originally undertaken by the Inter: 
Department; $45,000,000 for the purchas 
of submarginal land to be retired from 
cultivation for migratory bird refuges and 
reforestation and $180,000,000 for rural 
rehabilitation. The Brazos River project 
which recently was recommended by Ad- 
ministrator Hopkins (ENR, Sept. 20. 
1935, p. 447) has been alloted $30,000,000 
by President Roosevelt. 


Illinois Sewage Works Men 
Given Course at Conference 


The Illinois Department of Public 
Health, on Sept. 24 and 25, held a state- 
wide conference of sewerage treatment 
plant operators at Springfield. A_ short 
course for the operators was an important 
feature of the program. Sponsored by the 
division of sanitary engineering of the de 
partment of health and the state sanitary 
water board, the short course was designed 
to assist the non-technical men who act as 
superintendents or operators of plants in 
the smaller cities of the state. 

These courses are to be given annuall) 
At this first course of instruction, about 
25 towns were represented. Those enrolle: 
in the instruction course were divided into 
small groups and each group spent one 
session at each of three laboratories. One 
session was in the sanitary engineering 
laboratory of the state department of healt! 
at the State House, another at the labora 
tory of the Springfield sanitary district. 
and the third at the Springfield water 
works laboratory. Demonstrations and in 
dividual instruction were given in the dis 
solved oxygen, oxygen demand and aeration 
solids determinations. 

Those cooperating in the course of in- 
struction were W. H. Wisely, assistan' 
engineer of the state division of sanitary) 
engineering ; C. E. Schwob; C. D. Gross; 
J. G. Weart; C. C. Larson, Springfield sani- 


tary district; Roy Graves, chemist at the 


city’s water plant, and Charles Spaulding. 
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President Commends 
Engineers In Talk 
At Boulder Dam 


N September 30 Boulder Dam was 
O dedicated by the President of the 
United States at ceremonies attended by 
governors of six states; cabinet members; 
Elwood Mead, Commissioner of Reclama- 
tion; R. F. Walter, chief engineer, Bureau 
of Reclamation, other high officials of the 
Bureau and some 12,000 visitors. The event 
was of general public rather than engineering 
interest but it is significant that the Presi- 
dent made a long pilgrimage to an engineer- 
ing project and drew attention to the work 
of the engineers and the contractors by con- 
gratulating them on the skill and determina- 
tion which made possible successful com- 
pletion of the dam. 


Roosevelt praises engineers 


In commending the engineers and con- 
tractors the President said: 

“We are here to celebrate the comple- 
tion of the greatest dam in the world, ris- 
ing 726 feet above the bedrock of the river 
and altering the geography of a whole re- 
gion; to see the creation of the largest 
artificial lake in the world—115 miles long, 
holding enough water to cover the state 
of Connecticut to a depth of ten feet; and 
to see nearing completion a power house 
which will contain the largest generators 
and turbines yet installed in this country, 
machinery which can continously supply 
1,835,000 horsepower of electric energy. 
All these dimensions are superlative. 

“They represent and embody the accum- 
ulated engineering knowledge and experi- 
ence of centuries, and when we behold 
them it is fitting that we pay tribute to 
the genius of their designers. We recog- 
nize also the energy, resourcefulness and 
zeal of the builders, who, under the great- 
est physical obstacles, have pushed this 
work forward to completion two years in 
advance of the contract requirements. But 
especially ve express our gratitude to the 
thousands of workers who gave brain and 
brawn to the work of construction.” 


Work done ahead of schedule 


To the builders of Boulder Dam, the 
dedication comes between two significant 
dates: More than two years before the 
date (Jan. 1, 1938) on which they con- 
tracted to complete the job and exactly 
eight months after the dam was put to 
work storing stream flow. When closure 
was effected Feb. 1, flood protection began 
as did conservation of waste stream flow. 
At present 4,500,000 acre ft. is impounded 
and this is being drawn upon for irriga- 
tion in Imperial Valley. Inflow into Boul- 
der Reservoir is now 5,000 sec. ft. and 
10,000 sec. ft. is being released at the 
dam. Last summer Imperial Valley suf- 
fered a $10,000,000 drought which would 
not have occurred had the dam been com- 
pleted. This summer brought the highest 
water im six years, which probably would 
have damaged levees seriously had not the 
dam conserved waste flowage. 

It is to prevent this great fluctuation in 
the river’s flow that the dam was built. 
Electric power will be generated at the dam 
in the future, and work on the power houses 
is now going forward. 
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REDWOOD CATWALKS FOR GOLDEN GATE CABLE SPINNING 


The two 36-in. dia. cables of the Golden 
Gate Bridge at San Francisco will be spun from 
wide platforms of California redwood. Strung 
90 ft. apart these catwalks are being assem- 
bled by sliding them down the ropes from the 
tops of the towers 750 ft. above the waters of 
the Golden Gate. Spanning 4,200 ft. between 


towers and extending 1,125 ft. landward to the 
anchorages at either end, the cables to be spun 
from these catwalks will weigh 11,000 tons 
each. The 27,572 wires in each cable have a 
total length of about 40,000 miles. Each 
catwalk is supported by twelve 1,4 in. dia. 
wire ropes. 


Johnson Sets Higher Wage Rates 
For New York City WPA 


EW wage rates for skilled and inter- 

mediate labor on WPA projects in 
New York City have been pfit into effect by 
Hugh S. Johnson, WPA Administrator 
for the city. Hours of work per month for 
skilled labor were reduced from 120 to 60. 
The new rates were announced following 
agitation by labor for prevailing wage 
rates on WPA projects and Administrator 
Hopkins’ order of Sept. 25 which allowed 
state administrators to fix certain mini- 
mum hours as local conditions warranted. 
Monthly wages for skilled labor in New 
York City now range, for a 60-hour 
month, from $80 to $93.50, while inter- 
mediate, or semi-skilled, labor will get 
from $60.50 to $70. Under the rates estab- 
lished at the outset of the WPA program 
(ENR, May 23, 1935, p. 756), skilled labor 
in New York City was to get $85 for a 
120-hour month, and semi-skilled labor was 
to get $65. Professional men, under the orig- 
inal, rates, received $94. No new schedule 
was announced for this class. 


Report shows lack of skilled labor 


A report on New York City WPA 
problems, made public on Sept. 26, by a 
committee headed by William J. Wilgus, 
who resigned as head of the works divi- 
sion of the Emergency Relief Bureau in 
May, indicates that there will be difficulty 
in carrying out the present program be- 
cause of a lack of skilled labor. The com- 
mittee further points out that it will be 
necessary to secure, through the U. S. Re- 
employment Service, skilled workers who 
are not now on relief rolls. The Emer- 
gency Relief Bureau reports that it has 
job requisitions for 1,639 skilled laborers 
and professional persons. Of this number, 


3,334 include stonecutters, timber men, 
dock builders, and other skilled laborers, 
while the remainder includes architects, 
draftsmen, engineers, other professional 
and clerical classes. 

Assuming that the primary object is to 
put 220,000 persons on projects by Oct. 1 
and to continue them on projects until 
July 1, 1936, the Wilgus committee pointed 
out the steps necessary to keep this num- 
ber employed. At a cost of $1,140 per man 
year, the total cost under the original pro- 
gram would have been $250,800,000, but the 
sum of $220,000,000 is actually available 
Ot this about $165,000,000 is to be for engi- 
neering projects and the remaining $55,000,- 
000 for white-collar projects. The average 
rate per man year on engineering projects 
was found to be $1,200. Further analysis 
shows that a total of 175,000 persons could 
be employed on engineering projects and 
45,000 on white-collar works. 


Shorter hours present problem 


It was then pointed out that this num- 
ber of workers would be extremely diffi- 
cult to get, inasmuch as the 60-hour month 
would necessitate the doubling of the num- 
bers of skilled workers, and some of these 
would in time be lost to private or public 
works projects. Therefore, the conclusion 
was reached that the required numbers 
could not be attained without using men 
who are not well adapted to such work, 
and a number for whom no projects can 
be devised during the winter, unless they 
are put to work doing street and sewer 
maintenance. In a conclusion as to white- 
collar work, the committee stated that idle- 
ness can be prevented only by frankly ap- 
proving the use of a number of men on 
sewer cleaning and snow removal. 
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National Resources Committee Suggests 
Extensive Pollution Control Plan 


OORDINATION of federal and state 

agencies is the only way in which 
water pollution can be controlled, accord- 
ing to a report issued on Sept. 29 by a 
special advisory board of the National 
Resources Committee. Studies made by 
the committee show that inadequate con- 
trol is being exercised over water pollution 
and its effects on public health, as well as 
fish and game life. The committee also 
pointed out that many states lack adequate 
legislation for pollution control. It was 
recommended that any program for the 
control of water pollution should include 
both federal and state agencies and such 
branches of industry as contribute to, or 
are affected by it. Divisional and metro- 
politan districts and authorities are con- 
sidered to be important factors in such a 
program, although to date their activities 
have been considerably limited. 

Six point program suggested 

As a result of its studies the committee 
recommended a six point program to aid in 
the effective control of water pollution. 
The plan suggested that : 

1, Where drainage area authorities exist 
for the development and control of water, 
their scope be made sufficiently broad to 
include control of pollution. 

2. No basic changes in existing federal 
law with reference to water pollution con- 
trol be made until the experimental pro- 
gram presented here shall have indicated 
whether or not such changes are desirable 
and feasible. 

3. Simplification and coordination of 
state laws be effected to provide for the 
following minimum requirements : 

(a) Adequate administrative control. 

(b) Delegation to the administrative 
agencies of power to determine the nature 
and extent of pollution prohibited by the 
statutes, and to establish limitations of 
pollution. 

(c) Appropriate mandatory powers, par- 
ticularly the power to compel the installa- 
tion of essential remedial works and force 
other necessary action. 

(d) No limitation on the taxing or bond- 
ing power of municipalities, when applied 
to remedial works ordered by the adminis- 
trative agency. 

(e) Power to require facilities through 
sewerage districts, sanitary districts, or 
otherwise, that will enable municipalities 
and industries to comply with the law. 

4. Broader authorization for research be 
granted to those agencies of the federal 
government which are already concerned 
with the various phases of the problem, 
and that adequate funds be provided for 
properly coordinated investigations. 

5. That powers and funds be granted to 
an appropriate federal agency to institute 
a cooperative program of investigation with 
legally constituted state agencies for such 
special studies as appear desirable, and 
particularly for the development of appro- 
priate standards for water use and control. 

6. In order to stimulate the construction 
of pollution abatement works, funds for 
the purpose be made available by the fed- 
eral government to local agencies on a 
grant or loan basis. Lacking any precedent 
for the designation of appropriate bases 
for such allocations, the committee recom- 


mends the creation of a demonstration unit 
on a river system selected for that purpose. 


Potomac River basin suggested 


The special committee suggested that 
such a demonstration project be estab- 
lished on the Potomac River drainage basin. 
Probable cost of such a program would be 
about $15,000,000, of which it is estimated 
that local agencies would ultimately bear 
about one-half. It was also suggested that 
the National Resources Committee appro- 
priate $4,500,000 to be used immediately 
for getting tne experiment under way. 

With an area of about 14,000 sq.mi. and 
with a population of more than 578,000 
discharging untreated sewage into con- 
tributing waters, the Potomac basin was 
selected as being close to Washington, 
where close federal control could be exer- 
cised. An administrative control board of 
five members representing the states of 
Maryland, Virginia, West Virginia and 
Pennsylvania, with the fifth member rep- 
resenting the National Resources Commit- 
tee, would have charge of carrying out 
the program. The administrative board 
would be empowered to negotiate contracts 
with municipalities and industries for the 
abatement of pollution. A more detailed 
account of the National Resources Com- 
mittee’s plan will appear in next week's 
issue. 

Members of the advisory committee 
which formulated the program are Thorn- 
dike Saville, water resources section, Na- 
tional Resources Committee; W. B. Bell, 
Biological Survey, Department of Agricul- 
ture; Lieut. Col. G. E. Edgerton, Corps 
of Engineers; A. C. Fieldner, Bureau of 
Mines, Department of the Interior; Elmer 
Higgins, Bureau of Fisheries, Department 
of Commerce; Abel Wolman, Maryland 
State Department of Health; R. E. Tar- 
bett, Public Health Service, Department 
of the Treasury. H. R. Crohurst, sanitary 
engineer, Public Health Service, assisted 
the advisory committee in some phases of 
its work, 


World Power Conference Asked 
To Washington in 1936 


The State Department acting for Presi- 
dent Roosevelt, has extended an invitation 
to the nations represented in the World 
Power Conference to hold the third plen- 
ary conference in Washington, Sept. 7 to 
12, 1936. Among the subjects suggested 
for discussion are national power economy, 
technical, economic and social trends, pub- 
lic regulation, national and regional plan- 
ning, conservation of fuel and water re- 
sources, rationalization of distribution, 
fiscal and statistical rate bases, national 
power policy. 

An invitation also has been extended to 
the nations to hold the second congress of 
the International Commission on High 
Dams concurrently with the power confer- 
ence. The first congress was held in Stock- 
holm in 1933 in connection with the 
sectional meeting of the World Power 
Conference. The technical committee rep- 
resenting the American Committee, World 
Power Conference, at the Stockholm meet- 
ing was headed by Elwood Mead. 





Montreal Buildings Damaged 
By Seepage from Reservoir 


A complaint that water seeping throu: 
the ground is seriously damaging the fou- 
dations of the Biological Building of Mc- 
Gill University has recently been made : 
the city engineering department of Mo 
treal. The university has requested tht 
the city investigate conditions allowing 
water from the McTavish St. reservoir 
to leak through to the building, and ha; 
asked that steps be taken to prevent fur- 
ther damage. 

The McTavish Street open reservoir 
the Montreal Water Board stands on t! 
lower slopes of Mount Royal, immediate! 
behind the main group of buildings « 
McGill University. Complaint has just 
been made to the Water Board that leak- 
age from the reservoir is seriously affect- 
ing the Biological Building of the univer- 
sity. Parts of the reservoir consist on)\ 
of an unlined excavation in the local lime- 
stone rock, and it is seepage through this 
which is the alleged cause of the trouble. 

The Water Board has already been au- 
thorized to negotiate a loan for the neces- 
sary remedial works, which include re- 
building parts of the walls, and lining the 
floor; proposals also include covering over 
the entire reservoir area, but this part of 
the work has for long been a matter o/ 
heated debate in civil circles. Preliminar 
estimates place the cost of the work at 
$400,000, and it seems certain that some 
parts of it, at least, will have to be un- 
dertaken shortly. It should be mentioned 
that much of the blame for the trouble is 
laid to the injurious effects of the ice 
layer which forms each year over the 
reservoir surface. 


President Will Recommend 
Permanent CCC of 300,000 


Permanent establishment of the Civilian 
Conservation Corps with an_ enrolled 
strength of 300,000 men on and after July 
1, 1936, will be recommended to Congress 
by President Roosevelt. In outlining his 
plans after a conference with Robert Fech- 
ner, director of Emergency Conservation 
Work, the President said that approxi- 
mately 750,000 young men terminate their 
formal education each year. Of this num- 
ber 150,000 are not qualified for CCC work 
either physically or for some other reason. 
Of the 600,000 remaining the President’s 
plan calls for enrolling 300,000 annually for 
a year’s work in the camps. Preference 
will be given to those whose families need 
assistance but a relief roll status will not 
be a prerequisite. 

Immediate plans for the CCC contem- 
plate raising the enrolled strength by Oct. 
1 to 500,000 not including a territorial en- 
rollment of 4,500 and 12,500 Indians. As 
no more enrollments will be accepted dur- 
ing the winter the corps will be reduced 
by April 1 to about 500,000 through expira- 
tion of enrollment periods and the depar- 
ture of others to private employment. 
From April 1 to July 1 the enrolled 
strength will be permitted to drop to 300,- 
000, the level which the President proposes 
to maintain in the future. 

Reports by Mr. Fechner indicate that 
CCC employment has resulted in removing 
40 per cent of the families affected from 
relief rolls and permitted reduction in re- 
lief allowances to another 20 per cent. 
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Funds Provided to Start Work 
on Santee-Cooper Power Project 


A combined loan and grant of $500,000 
has been made to the South Carolina Pub- 
lic Service Authority by the PWA for 
preliminary work on the Santee-Cooper 
hydro-electric and navigation project in 
South Carolina, The total estimated cost 
of the project is $37,500,000. 

The project includes the construction of 
a dam across the Santee River near Wil- 
son’s Landing, 86 miles from the mouth of 
the river, to form a reservoir from which 
the waters of the Santee River will be 
diverted into a reservoir formed by the 
construction of a dam across the Cooper 
River near Pinopolis, 35 miles north of 
Charleston. The average head that can be 
developed at the latter dam is 68.8 ft. It 
is proposed to install eight units of 25,000 
kva. each in a power plant at that point. 

Construction of 474 miles of transmis- 
sion line also is included in this project. 

It is proposed to develop a navigable 
channel in the Cooper, Santee, and Con- 
garee Rivers 145 miles long, of which 96 
miles will have a navigable depth of 10 ft. 
and the balance 7 ft. The channel will 
extend up the Cooper River to the Pinopo- 
lis dam where there will be a double-lift 
lock. Above the lock the channel will be 
through the lake formed by the Pinopolis 
dam, through the diversion channel into 
the lake formed by the dam on the Santee 
River and up the Santee River and the 
Congaree River to Columbia. 

Storage of 61,100,000,000 cu.ft. of water 
is to be provided in the two reservoirs, 
which will produce a regulated flow of 
11,000 sec.-ft. 

The Santee River dam will have a length 
of 30,000 ft. and a height of 45 ft. and 
will contain 7,305,000 cu.yd. The Pinopo- 
lis dam will have a crest length of 7,000 
ft. a height of 80 ft., and will contain 
2,660,000 yd. of fill. There also will be 27 
miles of dikes on the Pinopolis reservoir 
of an average height of 12 ft. and a con- 





Power Commission Clears Way 
For Two Federal Developments 


Records of the Federal Power Commis- 
sion have been cleared of two long-pending 
license applications for power development 
initiated by private capital and now under 
government control. A request by Dexter 
P. Cooper, Inc., for a license for the Pas- 
samaquoddy Bay tidal project in Maine 
has been denied upon the recommendation 
of the Chief of Engineers, U. S. Army, 
who stated in his report to the commis- 
sion that the applicant had agreed to trans- 
ier all rights to the United States and that 
work is being started by the government 
under an allotment of relief funds. The 
application has been pending since 1926. 

Southern Industries and Utilities, Inc., 
has withdrawn its application for a license 
to develop the Aurora site on the Tennes- 
see River near the Kentucky-Tennessee 
line. This action was taken with the con- 
currence of the Tennessee Valley Author- 
ity, to which the applicant has transferred 
its rights, recently valued by the Federal 
Power Commission at $156,490. Although 
not scheduled for immediate construction, 
a dam at or near the Aurora site is part 
of TVA’s plan for ultimate development 
of the river. Disposition of these applica- 
tions will allow the programs to go forward. 
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SKETCH showing the lo- 
cation of the proposed 
Santee-Cooper power and 
navigation project in South 
Carolina. 


tent of 3,700,000 cu.yd. The excavation of 
6,340,000 cuyd. will be required for the 
canal, 

Appointment of a committee of engi- 
neers to review the studies made of the 
Santee-Cooper project is to be announced 
in the near future. 

The project was first put forward in 
1924 when the Columbia Railway & Navi- 


1935 


gation Co. 
Commission for 
plans were prepared by 
Company and 
Murray & Flood was engaged to act as 


applied to the Federal Power 
a license. The company’s 
The Foundation 
subsequently the firm of 


supervisory engineers. A_ license was 
granted in 1926 and work was started in 
December, 1928, but very little work was 
done on the project. 





Reclamation Bureau Allotments 
Cut by President 

A reduction of $20,000,000 in the allot- 
ment of $101,150,000 previously made to the 
Reclamation Service was ordered by Presi- 
dent Roosevelt in finally shaping up the re- 
lief works program. 

Reductions on projects, involving exten- 
sive revision of plans, are as follows: 

Oregon: Deschutes River, $1,000,000 to 
$500,000; Owyhee, $1,500,000 to $500,000. 

Idaho: Boise, Drainage, $160,000, can- 
celled. 

Utah: Provo River Program, $2,900,000 
to $2,260,000. 

Washington: Grand Coulee, $23,000,000 
to $20,000,000; Roza, $5,000,000 to 
$4,000,000. 

Wyoming : Casper-Alcova, 

Colorado: 
celled. 

New Mexico: Alamagordo Dam on 
Carlsbad Project, $1,500,000 to $1,000,000. 

Texas: Lower Colorado, $20,000,000 to 
$17,000,000. 

Arizona: 
$3,500,000. 

California: All-American Canal, $15,- 
000,000 to $13,000,000. 


$10,000,000 to 
Grand Valley, $200,000, can- 


Salt River, $4,500,000 to 


U. S. Engineers Ask Bids 


On Florida Ship Canal 


Work on the Florida cross-state canal 
entered a new phase this past week as 
engineers moved into Putnam County to 
begin a survey of the right of way. Re- 
ports of the canal engineers at Ocala in- 
dicate that 3,000 men are now being em- 
ployed in clearing about 10 mi. of the 
right of way. 

Army engineers have advertised for bids 
for excavation on two sections of the 


canal, Bids will be received until Oct. 7 
at the U. S. Engineers office in Ocala. 
One bid is for excavation of about 18,000,- 
000 cu.yd. on the right of way about 3 mi. 
southeast of Silver Springs. The other bid 
is for 530,000 cu.yd. of fine sand and clay 
excavation to be done between the St. Johns 
and the Oklawaha Rivers. 


SOCIETY CALENDAR 


AMERICAN PUBLIC HEALTH ASSOCT- 


ATION, annual meeting, biilwaukee, Wis., 
October 7-10. 
NATIONAL SAFETY COUNCTL, annual 


congress, Louisville, Ky., October 14-18. 


PUBLIC WORKS ENGINEERING CON- 
FERENCE, joint meeting of the Ameri- 


can Society of Municipal Engineers and 
International Association of Public 
Works Officials, Cincinnati, Ohio, October 
14-16. 

INSTITUTE OF TRAFFIC ENGINEERS, 
sixth annual meeting at Louisville, Ky., 
October 15-16. 

AMERICAN SOCTETY OF CIVIL ENGI- 
NEERS, fall meeting, Birmingham, Ala., 
October 16-18. 

AMERICAN INSTITUTE OF STEEL CON- 
STRUCTION, White Sulphur Springs, 
W. Va., October 16-18. 

CANADIAN INSTITUTE ON SEWAGE 
AND SANITATION, annual convention, 
Toronto, Ont., October 17-18. 

NATIONAL SOCIETY OF PROFES- 
SIONAL ENGINEERS, first annual con- 
vention, Columbus, Ohio, October 23-25. 

NATIONAL COUNCTL OF STATE 
BOARDS OF ENGINEERING EXAM- 
INERS, annual meeting, Columbus, Ohio, 
October 23-25. 

AMERICAN ASSOCIATION OF STATE 
HIGHWAY OFFICIALS, annual conven- 
tion, Miami, Fla., December 9-12. 


NEW ENGLAND AND NEW YORK 
STATE SEWAGE WORKS ASSOCIA- 
TIONS, joint meeting at Schenectady, 
N. Y., October 4-35. 

WISCONSIN SECTION AMERICAN 
WATERWORKS ASSOCIATION, annual 
meeting, Sheboygan, Wis., November 4-6. 

VIRGINIA SECTION AMERICAN WATER 
WORKS ASSOCIATION and VIRGINIA 
SEWAGE ASSOCIATION, annual con- 
ference, Roanoke, Va., November 7-8. 
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Brief News 


Tue Burrato, N. Y., Sewer AUTHORITY 
has announced the appointment of the firm 
of Fuller & McClintock, New York City, 
consulting engineers, as engineers on the 
$15,000,000 sewer project for which money 
has recently been allotted. The work is 
to be carried out under a PWA grant of 
$6,750,000 and a loan of $8,250,000. 

NEBRASKA has filed a motion in the 
U. S. Supreme Court for appointment of 
a special master in chancery to try the 
issues of fact in its case against the state 
of Wyoming on the division of the waters 
of the North Platte River as affected by 
disputed priority rights. 
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Express_Ly STIPULATING that the action 
should not prejudice the legal rights of 
their respective organizations to contest the 
law, eleven prominent electric utility execu- 
tives agreed on Sept. 25, to cooperate with 
the Securities and Exchange Commission. 


Obituary 


WILLIAM ROUSSEAU, associate professor 
of geodesy, road engineering and forestry, 
Rensselaer Polytechnic Institute, died at 
his home in Troy, N. Y., Sept. 29, at the 
age of 62. Prof. Rousseau, who was chair- 
man of the committee on social relations 
at Rensselaer, was also a member of the 


firm of Breese & Rousseau, Troy real est 
brokers. 


GrorceE T, Ricwarps, civil engineer, di 
at his summer home at Atlantic City, N. 
on Sept. 25, at the age of 72. Mr. Richar 
graduated from Lehigh University in 1 
and was engaged with Wainwright & W 
kins as a transit man and later went wi 
the McKeesport & Belle Vernon R.R. 
assistant engineer in charge of constr: 
tion. He was, for a time, engineer { 
Drake, Stratton & Co., and then later wh 
with the Pennsylvania R.R. as assist: 
engineer in charge of location. He lat 
returned to Drake, Stratton & Co. in 1 
position of president, from which he 


tired about twenty years ago. 


CONSTRUCTION STATISTICS OF THE WEEK 


RIVATE enineering construction awards are again respon- 

sible for the rise in the construction total. This week’s total 

$28,650,000 of which $9,444,000 is private, and $19,206,000 
public. Of the public, $6,282,000 is federal, an increase over last 
week, and $12,924,000 is state and municipal, a sharp decline 
from last week. Corresponding figures for last year are: total 
awards, $25,356,000; private, $5,191,000; public, $20,165,000; fed- 
eral, $4,305,000; and state and municipal, $15,860,000. 

The increase this week is in industrial buildings with increases 
also in commercial buildings and bridges. Totals by classifica- 
tions are: industrial buildings, $5,965,000; commercial buildings, 
$1,675,000; public buildings, $6,155,000; streets and roads, 
$7,413,000 (a drop from the $10,000,000 volume reported last 
week); bridges, $2,148,000; waterworks, $810,000; sewerage, 
$707,000; earthwork, drainage and waterways, $1,761,000. 

The larger projects include: strip steel plant for Green Steel 
Co., Anderson, Ind., $500,000; refinery for Pan American Refin- 


CONTRACTS 
(Thousands of Dollars) 


ing Co., Texas City, Tex., $1,500,000; two plants for Gener: 
Motors Corp., Tarrytown, N. Y., $500,000; first two of five unit 
for $1,000,000 motor truck plant for International Harveste: 
Co., Ft,, Wayne, Ind.; WWJ Detroit News radio studio, Detroit 
Mich., $500,000; apartment house, Bureau Yards & Docks, U. 
Navy, Quantico, Va., $997,000; Outhwaite housing project 
Cleveland, Ohio, $2,613,000; highway awards by Iowa, $809,00( 
by Michigan, $670,000; by New Jersey, $948,000; by Washing 
ton, $455,000; by Colorado, $654,000; substructure for Pitts 
burgh-Homestead high level toll bridge, also for Jerome St 
toll bridge and east and west approaches for latter, $518,000: 
state highway bridge by Michigan, $523,000; waterfront improve- 
ments at piers 1, 2 and 3, including dredging, bulkheads, ware- 
houses, etc., Miami, Fla., $813,000; and track work for A. T. & 
S. Fe Ry., between Chicago and Los Angeles, $1,500,000. 

New capital shoots to $2,282,082,000 due to heavy PWA 
allotments now coming through. 


CONTRACTS- WEEKLY AVERAGE 


Weekly Average Week 

Oct Prev.4 Oct.3 

1934 Weeks 1935 

Federal Government $3,034 $9,191 $6,282 
State and municipal 15,844 15,856 12,924 


»,047 $19,206 


Total public ....$18,878 $25 
Total private .... 3,747 3,663 9,444 
Week's total . $22,625 $28,710 $28,650 


Cumulative to date: 
1934. .$1,059,884,000 1935. .$1,045,691,000 


NEW PRODUCTIVE CAPITAL 


(Thousands of Dollars) 





Week Cumu- 

1935 Oct.3 lative 

State and municipal... $9,442* $321,755 
PWA allotments, S&M.. 247,882* 748,816 
RFC loans, S€M...... 12,096 48,180 
Corporate issues ; 186 23,375 
PWA private ... . = 8,629 
Local contrib. to WPA. 5,794 23,342 
Total non-federal ...$275,400 $1,174,097 
PWA federal .. . 98,136 1,107,985 
Total new capital...$373,536 $2,282,082 


Cumulative to date 

1934. .$1,155,345,000 1935. .$2,282,082,000 

*Includes transfer from PWA to public 
investment through sale by RFC of PWA 
bonds, 

Note: These figures include private bonds, 
and stocks sold for productive purposes; 
state and municipal bonds for construction; 
PWA loans and grants to states and munic- 
ipalities, including the special highway 
funds; PWA private loans, and allotments 
for federal construction, deficiency act 
funds. An arbitrary percentage (25%) of 
the WPA allotments and local contributions 
to WPA work is included to allow for the 
capital additions through the Works Prog- eel 
ress Administration division of the new 
program. 

INDEX NUMBER 
ENR 1913 1926 ENR 1913 1928 
Cost = 100 = 100 Volume -: 100 = 100 
Oct., 1935. . 195.10 93.82 Sept., 1935. . 127 56 
Sept , 1935 .. 105.10 93.82 Aug, 1935..140 61 
Oct, 1934... 200.86 95.55 Sept., 1934.. 94 42 
1934(Av.) 198.10 95.23 1934(Av) 114 50 
1933(Av.) 170.18 81.80 1933(Av.)... 102 47 
1932(Av.) 156.97 75.45 1932(Av.)...127 56 
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Construction Equipment 
and Materials 


Structural Rib Bolt 
And Automatic Nut 


The structural rib bolt and automatic 
nut, both made by the Automatic Nut Co., 
New York City, are used in the erection 
of bridges, tanks and towers. The bolt 
has a standard button head and the ribs 
insure a tight fit and prevent twisting. The 
bolts are made of carbon manganese steel 
and have a minimum tensile strength of 
70,000 Ib. per sq.in. The automatic nut is 
equipped with a locking pin which travels 
between the threads of the bolt, acting as 
a ratchet and maintaining an anchorage 
against vibration and shock. An ordinary 
wrench is used for placing. 


Welding Unit Mounted 
On Caterpillar Tractor 


A compact electric welding unit designed 
by Caterpillar Tractor Co. of Peoria, IIl., 
has been announced as a standard addition 
to the company’s line of products. This 
unit consists of a General Electric gen- 
erator and a Caterpillar tractor. 

From the tractor engine back, the plat- 
form has been redesigned to include an 
enclosed generator and equipment. The de- 
sign attains compactness through arrange- 
ment of generator and its accessories. Con- 
trols and seat have been moved to the right, 
permitting convenient tractor operation. 
The generator has a d.c. capacity of 300 
amp. and 40 volts. It is operated by power 
take-off at the rear of the tractor through a 
V-belt drive. The control panel is handily 
located on the right rear side of the tractor. 
Compartments are built at the rear of the 
unit for reeling and storing welding cable 
and welding rods. A hinged steel cover 
and compartment doors fitted with hasps 
and locks, protect the entire welding as- 
sembly and tractor operating space from 
pilferage and weather. 


Pneumatic Paving Breaker 
On Lightweight Truck 


The Concrete Cutting Corp. of America, 
? ola. y r se nye Uy ili , 
srooklyn, N. Y., is producing a new utility 
concrete breaker. The machine consists of 
a paving breaker and compressor mounted 
on a Ford truck. Air is furnished by a 


180 cu.ft. compressor, driven by a 30 hp. 
motor. All controls such as clutch lever 
and swing lever are handy to the operator. 

The whole unit is compact, weighing 
10,400 Ib. and is designed to meet the needs 
of highway departments and contractors. 
The paving breaker, which is suitable for 
all kinds of road material, will cut, in 
one operation, widths ranging from 1 in. 
to 5 ft. 4 in. The manufacturers state that 
it will break concrete pavement at the rate 
of 100 sq.yd. per hr. 


Two New Trailer Mixers 
Added to Ransome Line 


Among the recent developments of Ran- 
some Concrete Machinery Co., Dunellen, 
N. J., are the two-wheel, trailer type, end 
discharge concrete mixers in the 7-S and 
10-S sizes. 

These trailer type mixers are of light 
weight construction and are arranged on 
shock absorbing springs with steel or rub- 
ber tired truck wheels equipped with roller 
bearings. Mixers are compact and balanced 
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for towing and easy maneuvering into mix- 
ing and placing positions 

Other features of these mixers are: posi- 
tive water control; all steel drum with 
drum shell and mixing blades of high car- 
bon wear resisting steel; solid steel roller 
tracks welded to drum; power loader skip 
that elevates to a 50-deg. angle, and one- 
man control. 


New Equi pment in Brief 


Air Operated Controllers. A new line of 
air operated recording and indicating con- 
trollers for temperature, flow, pressure and 
liquid level has been announced by the 
Brown Instrument Co., Philadelphia, Pa. 
Among these are the “Air-o-Line” ther- 
mometer-type temperature controllers avail- 
able for temperatures within limits of —40 
deg. F. and + 1200 deg. F. Two types of 
flow controllers and liquid level controllers 
are also offered, the inductance bridge type 
and the mechanical type, as well as indicat- 
ing and recording pressure controllers. 


Construction Washers. In order to en- 
able the building and construction trade to 
secure their various washer needs from a 
single source, the Wrought Washer Mfg. 
Co. of Milwaukee, Wis., is offering con- 
struction companies and contractors a com- 
plete line of washers needed for building 
and construction work, including square 
washers, plate washers, dock department 
washers, pronged washers, malleable wash- 
ers, and other needed types. All standard 
and many special sizes are carried in stock 
for prompt shipment. 


Business Notes 


WESTINGHOUSE ELECTRIC ELEVATOR 
has announced the appointment of Ross 
Rathbun as General Sales Manager. Mr. 
tathbun has been associated with Westing- 
house since 1916. 

THE TRANE Co., La Crosse, Wis., an- 
nounces that Clinton H. Quirk formerly 
with the American Radiator Co. has joined 
the staff of the Trane Co., in an advisory 
capacity. 

BorG-WaARNER CorP., Chicago, Ill, has 
appointed W. Bruce Caldwell works man- 
ager of the Calumet Steel Co., a recently 
acquired subsidiary. 


Co., 


New Publications 


WELDING ELECTRODES, Wilson Welder & 
Metals Co., Inc., North Bergen, N. J. 84x11, 
30 pages. 

BAKER GRADEBUILDERS AND Direct LIFT 
BULLDOZERS FOR ALLIS-CHALMERS TRACTORS, 
Baker Manufacturing Co., Springfield, II. 
83x11. Bulletins 553 and 554. 

TaR PrRopucts FoR WATER PROOFING GRADE 
CROSSING ELIMINATION PROJECTS, Koppers 
Products Co., Pittsburgh, Pa. 84x11, 8 
pages. 

WELDING IN CONSTRUCTION WorK, The 
Lincoln Electric Co., Cleveland, Ohio. 84x11, 
8 pages. 

BELT CONVEYORS, 
Co., Columbus, 
Catalog No. 610. 

Low Cost MATERIAL HANDLING, 
Shepard Co., Boston, Mass. 
Circular No. 311. 

AERO-V IBE SCREENS, Allis-Chalmers 
Manufacturing Co., Milwaukee, Wis. 84x11, 
5 pages. 

SKF TRANSMISSION SKF 

83x11, 


Industries, Inc., 
32 pages. 

SIMPLIFIED ARC WELDING, Hobart Broth- 
ers, Troy, Ohio. 54x8¥%, 36 pages. 

CEMENT AND CONCRETE REFERENCE Book, 
1935, Portland Cement Ass‘n., Chicago, IL 
6x9, 32 pages. 

AUDUBON WIRE CLOTH CATALOG No. 40, 
Audubon Wire Cloth Corp., Philadelphia, 
Pa. 84x11, 55 pages. 

CONVEYORS BY STANDARDS, Standard Con- 
veyor Co., North St. Paul, Minn. 84x11, 
40 pages. 

GALION JUNIOR PATROL Motor GRADER, 
Galion Iron Works & Manufacturing Co., 
Galion, Ohio. 84x11, 4 pages. 

HANCOCK FLOCONTROL VALVES, 
dated Ashcroft Hancock Co., 
Conn. 84x11, 4 pages. 


Jeffrey Manufacturing 
Ohio. 84x11, 112 pages. 


Lewis- 
3x6, 24 pages. 


APPLIANCES, 
Philadelphia, Pa. 


Consoli- 
Bridgeport, 
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BUSINESS SIDE OF CONSTRUCTION 


September Awards Above Average 
Highway Contracts Heavier 


HILE — Septernber engineering 
awards did not continue at the record 
rate established in August, they were 10 
per cent higher than the average week to 
date. The total volume for the 4-week 
month is $114,840,000; $14,650,000 for pri- 
vate; $100,190,000 for public of which $36,- 
765,000 is federal and $63,425,000 state and 
municipal construction. Corresponding fig- 
ures last year were: total, $94,439,000; pri- 
vate, $17,333,000; public, $77,106,000; fed- 
eral, $17,024,000 and state and municipal, 
$60,082,000. 
Highway awards have established a new 
record for the year, with the highest 
weekly average this year and the second 


consecutive month in which they are higher 
than the corresponding month last year. 
All three classes of building awards, public, 
industrial and commercial are higher than 
last September. 

Territorially, awards in New England, 
Middle Atlantic, Middle West and Far 
West drop below last month, while gains 
are recorded in South and West of Mis- 
sissippi. Compared with last year, awards 
this year are higher in all territories, ex- 
cept New England and Middle West. 


New capital 


New capital shoots to new heights this 
month, due to the heavy allotments from 


ENGINEERING CONSTRUCTION CONTRACTS REPORTED IN 


the Works Relief fund for both PW 
WPA projects. Using only 25 per « 
WPA allotments, total new capital re 
reached $1,908,546,000 the last we 
September. This curve is now con 
ably higher than the new constr 
curve which it sustains and influences 
private investment curve, made up o/ 
and municipal bond sales totals and 
porate security issues for construction 
poses is higher than last year which 
considerably higher than 1933. The sec 
market is absorbing public bond ji 
very satisfactorily. Corporate financii 
the market is predominately of a refu 
nature where issues are being succes; 
floated at a saving of one and one a: | 
half per cent over the interest rate b 
by the issues they are retiring. The m 
for the new plant construction is con 
“out of the sock” for in only a few 
stances are public securities sales on re: 
to match the construction under way. 


Materials 


Cement—Portland cement production } 
August, 1935, showed a decrease of 7. 
per cent and shipments a decrease of 1.7 


i! 


SEPTEMBER, 1935 


Four Weeks—Thousands of Dollars—(000 Omitted) 





United Sta 
New Middle Middle West of Far September —Nine Months— 
England Atlantic South West Mississippi West 1935 1935 1934 Canada 
Public Works 
NR lod a nuns sds aaah we tee 66 701 230 731 926 4,136 6,790 53,246 53,311 149 
Sewerage. . een ee aay teak woo 177 4,564 779 1,133 1,097 150 7,891 52,045 43,336 305 
TE es i SRE oy ga ae ene se SP 503 1,207 1,125 969 1,892 238 5,934 49,479 69,903 342 
Earthwork and waterways................ 561 3,651 7,142 2,387 9,197 1,407 24,345 180,067 221,718 1,708 
Streets and roads ea xegh keane 2,276 5,250 5,321 5,314 6,922 3,228 28,311 201,869 263,279 3,427 
Buildings, public ‘ pvadakikieomes cau 1,185 5,453 1,663 769 8,686 2,473 20,229 178,152 151,006 342 
Unclassified, public............ Pa 398 4,465 95 40 621 1,071 6,690 44,049 48,740 30/ 
Total public 5,166 25,291 16,346 11,343 29,341 12,703 100,190 758,898 851,293 6,64) 
Federal gov't (included in above classifications) 1,207 4,925 8,701 2,889 16,283 2,769 °7 256,076 290,453 , : 
Private 
Bridges, private re i Siwoe 45 17 29 1 er 116 9,532 9,187 ve 
Buildings, industrial : ; : 447 1,367 746 1,639 669 1,478 6,346 123,101 74,123 1,550 
Buildings, commercial . ‘ 430 4,061 91 580 485 15 5,862 77,492 65,681 bees 
Unclassified, private......... ee 3 vee tin 1,394 54 174 631 73 2,326 48,018 34,244 72 
Total, private. . pe SCRA ee 877 6,867 908 2,413 1,819 1,766 14,650 258, 143 183,235 1,622 
September, 1935 (4 weeks)......... ah 6,043 32,158 17,254 13,756 31,160 14,469 NS exsle 2 Sesame 8,267 
August, 1935 (5 weeks). Sik, weeweaes 9,195 55,199 18,889 22,572 25,202 27,009 MEE" dee pire eights 18, 260 
September, 1934 (4 weeks) .......... : ‘ 9,844 29,307 11,266 13,577 19,589 10,865 Eee et ae ee 4,942 
Nine months, 1935.. PsA Reee hws 65,534 279,175 151,128 188,670 189,340 143,194 1,017,041 ; 65,704 
Nine months, SPR nees esse nw kende 77,020 199,513 172,695 171,441 237,902 175, 957 acces 1,034,528 34,548 


ENGINEERING CONSTRUCTION REPORTED BY E.N=R.-WEEKLY AVERAGES 


O-=--1934 §—1935 


TOTAL TERRITORIAL DISTRIBUTION 

















CLASSES OF WORK 










- 8 2 
z pCO eo 
; || | | New England! | | | | | | | Middle West| | | |] 4 
28 8 et tt) 
a 0 
24 4 4th! JFMAMUJASOND 
Hn 
7 oCheerriver 0 
> 16 16 
4 —b Middle Atlantic + 12 LL Mest of Mississippi 
— SCC eee) ep 
. 6 “GALAN 8 Pee se eke a 
= TIA INS 4 pe HA ape ce | 
p 4 | MT Seles iy 4 
Gq 
° 0 re 
c 1“ JFMAMJJASOND 
= eee eres ol eee 
= eee 1d. E] 











TP A 
TTT 





Pt tT vA 
1 1935 | | A TA 
4 HOS AAS 
= 458 
tit 
JFMAMJJASOND 









JFMAMJJASOND 





en 


Pa LM Sie 


: 
3 


Berea ee tar fasieoash Lc cieaeenidel 


a eee etaaaed 


ae 


Re nt, 








per ce 
Portlar 
per cer 
statisti 

The 
capacit 
1935, a 
31.8 pe 
per cet 
from J 

Stee 
panies 


a report! 


stitute 
first V 
the 4t 
48.2 p 
yious 
month 
a yeal 
Pra 
durin 
accor 
ican 
shops 
cent 
pared 
cent 
49.1 
avers 
mont 
Lu 
shipt 
high 
temb 
“Th 
reco 
year 
imm 
clud 
per 
cent 
wee 
7 Pp 
new 
iten 
san 
con 
Na 
tior 
the 
sof 
Se 
24 
bo 
fig 
62. 
me 
fe 





anada 


149 
305 
342 
1,708 
3,427 
342 
307 


6,64) 


e 
& 
P 
4 
8 
3 
% 
- 
3 
% 
Ls 
M4 
: 


So ot dee te eae anc ae Cet as oe ai ee 


ENGINEERING News-Recorp, Octoser 3, 1935 


per cent, compared with August, 1934. 
Portland cement stocks at mills were 4.6 
per cent higher than a year ago, based on 
statistics compiled by the Bureau of Mines. 

The ratio of production to estimated 
capacity (based on 162 plants in August, 
1935, and 163 plants in August, 1934,) was 
31.8 per cent this year compared to 34.5 
per cent a year ago. This is also a decline 
from July when the ratio was 35.3. 

Steel—The operating rate of steel com- 
panies having 98.2 per cent of capacity, 
reporting to American Iron and Steel In- 
stitute, increased from 45.8 per cent the 
first week of September to 48.9 per cent 
the 4th. The average for the month is 
48.2 per cent compared with 47.9, the pre- 
vious week average, 47.7 the previous 
month and 21.5 the corresponding average 
a year ago. 

Production of fabricated structural steel 
during August was 40.5 per cent of normal 
according to reports received by the Amer- 
ican Institute of Steel Construction from 
shops representing approximately 67 per 
cent of the whole industry. This com- 
pared with an operating rate of 40 per 
cent during July. August shipments were 
49.1 per cent of normal, as against an 
average of 38.4 per cent for the eight 
months of this year. 

Lumber—New business, production or 
shipments of lumber are reported at new 
high records each succeeding week in Sep- 
tember. The report dated Sept. 22 states, 
“The week ended September 14 was the 
record week for lumber production this 
year, being 10 per cent higher than for the 
immediately preceding week, which in- 
cluded Labor Day. Orders increased 18 
per cent over that week and were 33 per 
cent higher than for the corresponding 
week of 1934. Shipments, however, were 
7 per cent below the week's output and 
new business was 13 per cent less. All 
items were materially in excess of the 
same week of a year ago. The foregoing 
comparisons are based upon reports to the 
National Lumber Manufacturers Associa- 
tion from regional associations covering 
the operations of leading hardwood and 
softwood mills. During the week ended 
September fourteenth, 579 mills produced 
241,956,000 feet; shipped 225,408,000 feet; 
booked orders of 211,140,000 feet. Revised 
figures for the preceding week were mills, 
623; production, 220,095,000 feet; ship- 
ments, 196,440,000 feet; orders, 179,209,000 
feet.” 

Lumber production during the week 
ended September 21, though fractionally 
lower than in the preceding week will prob- 
ably top the record of any week since 1931 


CONSTRUCTION WAGES 
Average of 20 Cities, Hourly Rates 


Skilled building trades, average 
120} (oricklayers, carpenters, 
iron workers)~ 


& 


Monee, Dollars per Hour 
SS&ESss 


when revised figures are available. Ship- 
ments were slightly above those of the 
preceding week and orders were 6 per cent 
above the week before, and the heaviest 
booked since April. 


Building permits 


The value of building permits issued in 
215 cities of the United States, as re- 
ported to Dun & Bradstreet, Inc., reached 
a total of $55,536,546 last month, or the 
largest since November, 1931. This com- 
pared with $54,191,787 in July, an increase 
of 2.5 per cent, or slightly more than the 
normally expected gain of 1 per cent at 
this time. The August total compared 
with $34,452,738 for the same month of 
1934, a rise of 61.2 per cent. 

Territorially this gain is reported in per 
cent increase over 1934 as follows: New 
England, 28.3; Middle Atlantic, 29.5; 
South Atlantic, 62.2; East Central, 69.8; 
South Central, 207.0; West Central, 49.9; 
Mountain, 87.2; Pacific, 106.2; Total U. S., 
61.2; New York City, 23.0; outside New 
York City, 76.7. 


Labor 


The index of employment in the produc- 
tion of six major construction materials, 
reported by the Federal Employment Sta- 
bilization Office rose to 46.8 in August 
compared with 42.6 a year ago and with 
45.4, the revised figure for July this year. 

Employment in the private building con- 
struction industry reported by the Bureau 
of Labor Statistics, increased 3.6 per cent 
from July to August and pay rolls in- 
creased 4.4 per cent, continuing the ex- 
pansion which began in March of. this 
year. These percentages are based on re- 
ports supplied by 9,815 contractors employ- 
ing 86,682 workers in August, 1935. 

Labor controversies centered over WPA 
rates prescribed under the “security wage.” 
In New York City, the committee ap- 
pointed by Gen. Johnson and headed by 
Col. Wm. J. Wilgus recommended that 
skilled workers be paid the prevailing or 
union rate and limited to $90 a month. 
Hours are thus cut from 120 to 60 and 
the “security wage” from $93.50 to $90. 
A previous increase in monthly pay for 
unskilled labor from $55 to $60.50 also 
increases the original WPA project fig- 
ures. 

At Pittsburgh, opposition to the “secur- 
ity wage” by union labor has been active 
and projects have been delayed in getting 
under way. 

At New Haven, Conn., hourly rates for 
unskilled labor on WPA projects in Con- 
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necticut were raised from 40 to S0c. an 
hour by the State WPA Administrator 
under the new Washington order which 
permits state executives of WPA to fix the 
hours of work, though the “security wage” 
remains the same Under the old scale 
workers received $55 per month for 140 
hours. The new scale pays $60.50 for 120 
hours. 

In Columbus, Ohio, and Minneapolis, 
local administrators report confusion in 
reducing the number of WPA hours to 
meet “prevailing” or union scales, since the 
reduction of hours increases the labor 
costs on the basis of which projects were 
approved and introduces the possibility that 
WPA projects so affected will not be fin- 
ished because sufficient funds for materials 
and added labor will not be available. 

In Illinois, the State Federation of Labor 
in conference with the Illinois PWA won 
the decision that “prevailing wages” could 
be paid on certain projects which include 
those sponsored by state, county, municipal- 
ity or any other subdivision, the sponsors 
to provide a fund to take care of the 
difference between the prevailing and the 
WPA scale. 

On regular contract work, arbitration of 
wage and hour difference in San Fran- 
cisco between the Bay Counties District 
Council of Carpenters and general building 
contractors has been accepted by both 
parties. Carpenters had voted -to strike 
August 31 unless arbitration was agreed 
upon or an hourly wage of $1.15 for a 
7-hour day was accepted. General con- 
tractors previously had announced a wage 
rate of $1 an hour for an 8-hour day ef- 
fective September 1, an increase from cur- 
rent wage rates on private building. Coun- 
ties affected are: San Francisco, Marin, 
Alameda and San Mateo. 


ENR Cost and Volume Index 


The Enginecring News-Record Con- 
struction Cost Index is 195.10 for October, 
the same value as for the two preceding 
months. Minor variations in material costs 
are purely local in character. 

The ENR Volume Index is 127 for Sep- 
tember, a decline from the value reported 
last month, but 35 per cent higher than the 
corresponding value last year. 


INDEX NUMBER 


1913 1926 ENR 1913 
= 100 = 100 Volume = 100 


» 1935..195.10 93.82 Sept.,1935...127 
Sept. 1935..195.10 93.82 — 1935...140 
1934.. 200. 86 95.55 Sept., 1934... 94 
1934 (Av.)...198.10 95.23 1934(Av)...114 
1933(Av.)...170.18 81.80 1933(Av.)... 102 
19a2tAv>.. 196.97 75.45 1932(Av.)...127 


ENR 
Cost 


CONSTRUCTION VOLUME INDEX 
1913 = 100 


Millions of Dollars 
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CURRENT PRICES OF CONSTRUCTION MATERIAL $ 


CEMENT, AGGREGATES AND READY-MIXED CONCRETE—F.O.B. CITY 


——PORTLAND CEMENT—~ 











SAND AND GRAVEL—. CRUSHED STONE CRUSHED SLAG CONCRI rE 
Per bbl., carload lots, including 40c. Per ton, carload lots Per ton, carload Per ton, carload Ready Med 
per bbl. for bags, cash discount not Gravel, Gravel, lots lots, f.o.b. plant 1:2:4, 50¢c., 
i neluded 1} in. fin. Sand 1} in. Zin. 14 in. din. more, deliv: oj 
Cloth Bags* Paper Bags Bulk 
aki ssi was abc $2.89 $2.64 $2.44 $2.31 2.31 $1.64 $1.69 $1.92 $1.80 $1.80 $8.25 
Baltimore. . seaenesupereee 2.69 2.44 2.24 1. 80t 1. 80t 1.30f 1. 80t 1.80t 2.25 2.25 7.35 
Birmingham............ 2.55 2.30 2.10 1.75 1.75 1.40 85 .85 -90 1.15 5.45 
OO ek dake 6 oath 2.72 2.47 2.27 1.50 1.50 1.10 1.50 RO een ae oe 7.00 
Chicago... 2.85} 2.60f 2.40 2.60T 2.60T 2.05t 2.60f De aig on GREET Le wae es 
Cincinnati. . . 2.50 2.25 2.05 1.20 1.20 1.10 1.80 Ce? Teneo eee 6.70 
Cleveland... 2. 26 ET) Sea ee 1.55 1.55 1.45 1.60 1.60 ta 1.75 7.50 
Dallas. . 2.45 2.20 2.00 1.55 1.55 1.30 2.10 RN So fee are 7.00 
OS CCE ae 3.09 eRe 3). eae Cee. kale Dees Cea oe ae ere adeeb amet te fee, 
BR Sw osc bhbateed 2.26 2.01 1.81 1.30 1.30 1.20 1.4 1.60 1, 40f 1.50 6.75 
Kansas City............ 2.50 2.25 2.05 aie 1.85 1.15 1.85 SM EDP. Salat PN” Seeks 7.65 
Los Angeles............ 2.70 I ge re 1.40 1.40 1.00 1.40 RAS are 6.701 
Minneapolis............ oe eames 2.45 1.00” 1.00? . 25” 1.00, Te Shea cses 5.75 
DR eviciciastcnes  *" Veeee SOMO 3, = a. 3 ee -85 .90 1.25 1.25 Te Waawe weeks 6.00 
New Orleans........... 2.43 2.25 2.00 1.75 1.75 Oto eee et Pie aaa eS ae 8.25 
ee err 2.50 See ei 1 25t* 1. 25t* . 75t* 1.75t* Rem ee eats Se 7.60 
Philadelphia............ 2.63 2.38 2.18 1. 80t 1.90 ez 705 2.60t 2st 1. 00f 1.00f 7.75 
PROGR 2.0 i's caccccse 2.46 2.21 1.61 1.50t 1504 1.70 2.25f 2.25 1.50 1.50 7.00 
RO ae ree ee 2.53 Rie See 1.003 1.00 I. +755 255 .75§ .75§ 6.65 
San Francisco........... 2.72 2.52 2.20 1.35 1.35 ‘, 35 1.50 Fe eerie tangas hE 
Rei 3.09 Bee ei 1.00 1.00 1.00 1.44 DM) 5 Piteedtdee tien: 7.56 


*10c. allowed for each returnable bag. tPercu.yd. tDelivered. §F.o.b. GraniteCity, Ill. *Barge lots alongsidedock. »f.0.b. plant. :5tonsormore. ,Within 6-mi. zo: 


CURRENT MAXIMUM NET PRICES RECEIVED AT CEMENT MILL 
Charge for bags not included. For cloth bags, add 40c. per bbl.; 10c. refund allowed for each returnable bag; for paper bags add 15c. per bbl., not refundable. 







Bagged Bulk Bagged Bulk 
ite WE, ai 554 0 $1.50 $1.45 Ironton, Ohio... North Birmingham, Ala...... $1.75 $1.70 
Buffington, Ind............. 1.70 1.65 lola, Kans... . Richard City, Tenn... 2.00 a5 
Crestmore, Calif............ 1.72 ey La Salle, Ill... Saginaw, Mich..... 1.50 1.45 
Dallas, Tex. (Inc. 5c. tax)... . 1.80 1.75 Limedale, Ind... Steelton, Minn.. 1.80 1.75 
ONE 1.70 1.65 Mason City, la Universal, IEE IITA 1.65 1.60 
OR Ee ay Bs » « 1.75 1.70 PA PE cncsanckdoepewee Waco, Tex. (Inc. 5c. Tax)..... 1.80 1.75 
Independerice, Kans......... 1.70 1.65 Northampton, Pa Wyandotte, Mich............ 1.45 1.40 


Cash Discounts, Cement, to Contractors: truck delivery, 2% for cash on 10th of month; on carload deliveries, no trucking, same as dealer cash discount, 10c. per 
bbl. for payment within 15 days of date of invoice. 


STRUCTURAL CLAY BUILDING TILE, BRICK AND LIME—DELIVERED 


STRUCTURAL CLAY TILE — 
PARTITION—SCORED 











STRUCTURAL CLAY TILE—LOAD —— BRICK ——~ LIME-————_-—— 
BEARING—SCORED Per M, in quantity, Per ton, in paper, carload Lot, 

















Per M, lots of 2,000 pieces or over, Per M, lots of 2,000 pieces or over. Common 8traight Hydrated Common  Pulverized 
3xt2xt2in. 4x12x!2in. 8x12x1I2in. 8xi2xi2in. Oxl2xi2in. 12x12x12in. backing hard finishing hydrated or lump 
ae $75.80 =: $e $151.60 one. 2 $212.20 $242.50 $14.25 ais. 25 $7. 00 $17. 00 $15.90 
Baltimore....... 91.00 183.00 219 315.00 390.00 13.00 17.00 00 2.50 19.25 
Birmingham... .. 78.75 84 oe 157.50 189. 00 201.25 242.00 15.00 22.50 2 008 1.75§ 2. 25§¢ 
ae See 72. 50s 77. 45s 145. 358 164. 50s MOTOR. hea rks Ae SO. Se IR See 
CORND.. 5. ise 66.00 70.40 SEO os eR gas a nee a aa 10. 20 11.20 18.00 13.40 14.00 
Cincinnati....... 55.00 58.70 110.00 124.10 164.20 187.70 17.50 17.50 15.97 BRCM 02 60's-0.0 
Cleveland....... 45.00 48.00 90.00 108.00 188.00 214.75 16.50 16.50 14. 00k 12.00k 2. 65k, 
Dallias......-..- 72-00 75.00 197-00 17700217. 00 26900 13.50__26.00 21.20 14.50 1.70 7 
eS Sr 78.50 88.00 141.50 166. 50 196.00 225.00 10.00-15.50 7 * 30.00 7 " 17.00 20.00 
CONN Sia one as 71.85 76.65 143.70 230.00 280.00 325.00 11.50 12 11.90 22.20 
Kansas City .... 72.50 72.50 92.00* 140.50 177.75 207.25 15.00 24. » "5.00 11.25 14. 00° 
Los Angeles. ; 77.50 94.25 134. 00* 188.00 232.50 311.50 11.50 14.00 ees) Yau 19.70 
Minneapolis... . . 80. 15s 85. 50s 145. 40s 167.758 175. 25s 243. 70s 13.10 15. 10x 25.50 21.00 23.00 
Montreal........ 79. 108 90. 40 OS O06. 25d) a toe 212.40 136.60 a. 75 31.00 23.00 RASS bose 
New Orleans..... 61.60 65.10 123.20 158.90 Wee se Lae Pete ee, 16.75 A egies 
New Y ork. a 84.00 90.00 135.00* 193. 30¢ 238. 80+ 295. 60t i, OE AR 20.80 16.00 20.80 
Philadelphia... . . 76.00 80.00 150.00 172.00 240.00 295.00 18.00 = . % 3 11.25 10.75 
Pittsburgh. . 58. 40c 62. 3€c 116. 85¢ 165. 00c 217.00c 250. 00e 15.00 14.50 2.22, 
St. Louis... . _ 58.00 60.00 120.00 189.00 185.00 210.00 15. 00 te “90 1 . 40t a. 30; 
San Francisco... . 84.00 94.50 1 ee eee oe, eee ee 15.00 18.00 22.50 21.50 2.05; 
a 86.00 94.50 210.00 198.00 198.00 198.00 15. 004 18.50 30.00 26.00 3.00; 
*6xi2x!2in. +F.o.b. Perth Amboy, N. J. {Persack. §Per bbi.,200lbs. ,Per bbl. 180lbs. gper bbl. 280-lb. kLCL. ‘less $1 cash 15 days. slump. 
«Smooth. x Selected common 
PAVING BKICK AND BLOCKS PAVING ASPHALT ASPHALT — CUTBACK BROAD OILS ASPHALT 
Granite Brick Wood FLUX ASPHALT EMULSION 
per M,lots per M, _ persq.yd., Per ton, less than 80 Per gal., 75 pene- 
of 50,000, 3x4x8}in., 3} in., penetration, tration, Per ton, Per gal., Per gal., 
4x4x8in., carload lots 16Ib. treat, Tankcar Drums Tankcar Drums Tankcar Drums Tank car Tankear Drum 
Atlanta........ $ 75.00 $35.00 $2.25 $17.40? $22.57: $0.06442 $0.9112 $15.90? $23.82? $0. 05862 $0.085  $0.085 
Baltimore...... 110.00 44.00 2.35 17.00 22.00 .07 -095 $83t ‘ ai Bathe sks cd Ae le « 
pirasiaghene. ... 110.00 24.00 oad 18.00 23.00 0.778 . 1028 .08 eOnee poe i ee 
Boston.........__ 75.00 28. 00 2. 40 16.00 21.00 16.50# 21. 50# - 09t 12¢ 075 09 125 
Chicago........ 125.00 42.00 $000 Ss gi ee ive DEERE. | Seer oS Maas Soper Saad es oe ae oo Gees 6 
Cincinnati...... 115.00 37.00 ied 18.00 22.00 OE.) aes 8 | eer .07 SUGe eevee 
Cleveland... ... 100. 00 32.75 2.85 19.00 23.25 .075 . 085 .075t .0425t 06 . 085 . 10 
SS cane 30. 00 ; 4 17.30 22.30 .0575 . 105 16.85 24.35 .06 . 1126 . 1488 
OSAP Aa 37.00 19. 67* ae a ae 17.00 22.50 .055 tl 15 
Kansas City....  ..... 45.00 18.50 23.50 17. 508 22. 50# .077t . 107F .057 tt 15 
Los Angeles.... ..... 50.00 aad 10.34 14.50 10.344 14. 50# OI ea .042 .06 12 
Minneapolis. . o2 hae tt teks 2.50 18. 20 24.70 . 098 .098 21.85 34.65 a Tae h ° 
Montreal... a 70.00 100.00 ‘ 14.00 19. 66 07 093 19.09 26.50 07 125 155 
New Orleans.... 100.00 32.00 ~s%s 14.75 18.80 .0655 .99 .07t . 10t +oeoh Oc. Vee eee See 
New York. . 130.005 50.00 2.64 17.00 22.00 .07 095 .085t IE Lia passion .075 Hl 
Philadelphia. ._ . 122.00 45.00 2.25 13. 50 1.08 .05 .08 .05t . 08F . 045 Sieh Bean so 
Pittsburgh... .. 115.00 40.00 .s4% 19.00 24.0 .0775 1425 .086t 121 = saa es 
St. Louis....... 115.00 35.00 veer 19.70 ~s 70 [075 .075 .875t =o. 75 .04 09 £125 
San Francisco... ..... 50.00 12.00 8.00 12.00% 18. 00# 12. 504 23.00% .04 -0575 117 
ee NET ee 55.00 25.50 i: 50 17.00#  23.00# 15.00 eaeies .03 


Note: P ving asphalt, tank car or boat, f.0.b. " Maurer, N.J., per ton, Bermudez, $25.00; Trinidad, $2! .00. *Per sq. yd. tPer ion. $4}x6x5hin. Per ton 
Note: Pa ring ashes. *local reduction due to 20% ‘reduction intra-state class freight rates, only Georgia aff elienes. 9 - . . 
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CURRENT PRICES OF CONSTRUCTION MATERIALS 


IRON AND STEEL PRODUCTS—BASE MILL PRICES 


-—-§ RAI ~ —— TRACK SUPPLIES- . 

NAILS PILING ; Per Gross Ton Angle Std. Tie Track 
B. B Standard Light  Re-rolled bars spikes plates bolts 
$36.375 $34.375 $35.00 $2.55 : ‘ $3.55 

36. 375 35.00 34.00 2.55 k i 3.55 

36. 375 35.00 34.00 2.55 : " 3.55 


. WAREHOUSE, PER 100 LB., BASE PRICE 


} : } t~ } : eT PAR EIN » 
SHAPES Per 100 ~ ati in., a do a ees od a 100 s.f., carloadlots—  6x6in., No PIL ING 
Per 100 Ib., ra"44 ribbed 4xl6in.,No. 4x!2in., No. 6 & 6 wires Per 100 Ib., 
i New billet “Rail steel x 2 ‘Ib. 5& 10 wires 8 & 12 wires Per sq.yd. base price 
$2.34 $2.19 21.0 ; 1.53 $0. 1449 $2.70 
2.75 2.60 : ° .41 7 . 1332 
. . 1449 
26.00 . 1323 


29.50 . 1287 
22.00 1287 
25.00 1548 
25.00 1548 


22.00T . ‘ 1323 
21.00 , ‘ 1422 
37° 50 ‘ 1548 
26.00 . 7 1431 
238 

. 1458 

. 1359 

. 1332 


. 1260 
. 1341 
. 1584 
. 1584 
.o.b. delivered. 
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RED LEAD W L -——READ Y-MIX AINT——. ———— ROOFING SUPPLIES Carload lots, f.o.b. factory-—- 
Per 100 Ib. Per 100 Ib. Per gal., drums Rolls, slate Asphalt Tar felt, Asphalt Tar pitch, 
3 in 500-Ib. lots in 500-lb. lots# Ferric surfaced, 85- felt, per per 100° coating, 350--lb. bbl., per 
3 ag in oil Cane Aluminumt Oxidet 90 Ib., per sq. 100 ! Ib. per gal. ton 
$7.75 $10.50 $1.60 $3.10 ae $1.79 $1.97 ; ‘ $25.40 
4 10.00 ‘ 7 : 2.35 2.55 x ‘ 25.00 
4 10.50 A ‘ 70 1.79 esi a 21.88 
; 10.00 80 2.80 is i 20.00 
- a Zane te s 10.00 8 a ° 1.60 1. 59K . 398 : 20.00 
d Lot, : incinnati P 10.00 5 ; 2. 40 2. 39K : ' 21.00 
erized 0 10.00 .65 ‘ ‘ 60 1.79 ; a 20.00 
2 11.00 . 80 2. 60% 4.47 a ; 37.50 


3. 46 . ‘ 30.00 

2.80 30.00 

3. 10-3. 20 26.50 
1.50 

1,794 ‘ B. 30 

2.62 , . 40§ 1.52§ 

. 61k ‘ 22.00 

1. 86% s i 22.00 

25.00 

1.30 25.00 

1.10-2.00 ; ; . 26.00 

2.85 2.20 3.30 ° . : 30.00 


*U.S. War Devt. Spec. 3-494. tASTM Spec. D266-31. 180% maximum ferric oxide. §Per 1001b. XPer roll, 65lb. xPer lb. 


Note: Red | in oil 50c higher than white lead in oil. #Basis of quoting changed this month from list to 500-lb. lots. 
MISCELLANEOUS ITEMS 


‘Sanaa bee tae ee 5 en PILES 
iscounts from latest jobbers er ynamite f r . 
List, Sept. 15, 1938 edie ie cae Prices per linear foot, pine, Th a ork; delivered from barge, 
Single or Double Thickness Gelatin —Short Leaf— —Long Leaf~ 
A quality B quality 40% 60% Dimensions Points Length Barge Rail Barge Rail 
85% ™ og 5 12in. at butt 6in. 30 to 50ft. $0.12 $0.165 $0.13 $0.16 
0% i2in.—2ft. from butt. 6in. 50to59ft.  .16  .21 2" oe 
90% ‘ ‘ 12in.—2 ft. from butt. 6in. 60 to 69 ft. 7 .225 “16 215 
90-10-5% " 183 ; 14in.—2ft.from butt. 6in. 50to69ft. 1195  .235 .205 324) 
92 a% ines 14in.—2 ft. from butt. 6in. 70 to 79 ft. .2125 .245 mitt —— 
91-10% : : 14in.—2ft.from butt. Sin. 80to8Sft.. 275 [385 ..: 
85-10% ’ é 14in.—2ft.from butt. 5m. 85to89ft. 315 .452 
oon . . RAILWAY TIES 6 In. x 8 In. 
os (be, . . Prices f.o.b., per tie, for carload lots: by 8 Ft. by 8) Ft. 
90-1 Oak, untreated...... é $1.20 $l. 
Boston........ { Pine, untreated. . ; 1.25 s 
\ a. — ted. . a 1. 2 
pos ,ong-leaf sap pine, untreat ° . 
New York Mixed oak, untrea : vitke 
Ld oak neues ; .75 aa 
a al ite « creoso no market 
Birmingham. ._ Southern pine, untreated *6x8x8'6" .45* i 
Southern pine, creosoted 
: 2 White oak, untreated... 
“1425 * 1575 Chicago....... Oak, empty cell, creosoted. 


*Dise. from list Aug. 1, 1929. ¢F.o.b. Arsenal. {Double thickness A & B. Oak, sine oo creawoted 


CHEMICALS Los Angeles... { Fits unt 


Water, sewage treatment, road work, f.o.b. susiote, New York. ’ : 

Ons powder, ing in drums, eee a tee 00 Ib oe .90@$2.15 | Philadelphia... 
in 

fob. works, freight equalized with 
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22.00@ 35.00 - Low Red oak, creosoted. 
drums, f.0.b. works, per 100ib $3 Dovulae fr ‘oom, iran, 
,indrums, f.0.b. wor ; : r, green, untrea 
Soda ash, 58%, in soaiecee per 100lb a é San Francisco.. Dougie fir, empty cell, creosoted.. 
Sulphate of aluminum, commercial, i . ; Montreal Birch or maple, untrea 
Sulphate of copper, in bbl., per | 100 1b J r Birch or maple, creosoted. . 


iit iin ia dae iam eae at 





488 ENGINEERING NeEws-ReEcorp, Octoser 3, 1935 


CURRENT PRICES OFCONSTRUCTION MATERIALS 


WATER, SEWER AND DRAIN PIPE 


C.1,. PIPE ——VITRIFIED SEWER PIPE—~. CLAY el 


Per net ton, Per foot, delivered, standard (¢f.o.b.) Per 1,000 ft. 
f.o.b. 6in. 8in., 12in., 24in., 36 in., 
to 24in.* 6.8. 8.8. d.s. ds. 
= 00 $0. 275 $0.405 $1.4625 $3.25 $ 

6.50 .50 2.10 5.75 | 

3° .00 33 .45 1.625 4.66 
46.50 . 196 .378 1.72 5.06 
47.50 . 285 .54 1.98 é. 

. 203 3915 1.665 

. 196 .378 1.62 

.25 -45 1.80 

omen .415t 1.73t 

.245 4725 -2.025 

.32 .57 2.27 

-2825¢ .5083 2.03% 


CONCRETE 
SEWER PIPE 
. Per ft., delivered; 
load lots, f.0.b. ASTM C 14-24 
6 in. 8in. I2in. 24 in. 
$128.00 $0.50 $1.625 
168. 50 ‘ . 00 
200.00 45 
85.85 
120.00 


108.00 
250.00 


————-WROUGHT STEEL PIPE—— 


Full standard weight. # 
1 to 3in., Butt Weld 3} to 6in., La 
Black Galv . Black 


44% 37% 42% 3407 

48.939% 37.918%  50.162% 39.1430." 
56% 45% 55% 46 

53.04% 42.02%  54.265% 43. 245°, 


58. Bao, 48. ‘Bs 


36% 
$8,9% — 38. re 


car- 
Wel 
alv. 


Birmingham.... 
Boston......... 
Chicago. 


Cincinnati... ... 
Cleveland 


Denver... 
Detroit. 


Los Angeles... . 


56% 47.3% 


53. 


Minneapolis... . 


Montreal....... 
New Orleans. 


New York.. 
Philadelphia... 


. 255 
.80 


26 
43.00 | 336 


. 459 


52 
5H 
-648 


1.836 


6.75 
8 


175.00 


210.00 


55 
54 


So 


42.51% 


31% 


43% 53% 


51.88% 40.86%= 53.10%* 42. 08% = 


3. a i. 2a 53.39% ae 572, 


NR) ~—NN 
won eo 
— ss 


Hi 6 
49.00 .175t Fee ee “Fat 4.81t 69.00 108.00 .75¢ 65% 
255 14591836 3.96 85.00 170.00 “80 Si boo 40. Base, $2. “4 90% at hoc, 
. 265 .477 1.908 5.22 103. 50 172.50 32, 4% 63.4% 51.1% 64. 6% 
.35t . 63F 2. 52t 6. 30T 96.00  200.00T $+ 60% 50% 65% 50% 

*b. & s. class Band heavier, C/I. lots, 200 tons and over. Bur- #Discounts from standard list for delivery from warehouse, except Pittsburgh prices are 
lington, N. J. (base) $43.00. Gas pipe and class A, $3 per ton f.o.b. mill. Base price $200 per net ton. List prices per ft.: 4 in., 84c; } in. I14c.; lin 
additional, 4-in., $3 per ton additional. 30 in. and larger ay 17¢.; 2in., 37¢.; oP 58}c.; 3in., 76}c.; 4in., $1.09; 6in., $1.92. 
$2 per ton less. 'tPrice at factory. tLess 30% in C/L Lo k2 24 to 3in. *Resale price to consumer, ear load lots ‘shipped from mill. 
ce Concrete Culvert pipe reinforced. 


LUMBER AND TIMBER—PER M FT. B.M., CARLOAD LOTS F.O.B. 


oo 
oo 


SHORT LEAF YELLOW PINE AND DOUGLAS FIR—___—_—_—__ 

All S. L. Y. P. is No. 2common or better and for No. | N.C. Box. All Fir planks No. 2 common; Fir 

timber is No. !common. Lengths up to 20 ft. 
1x6,5 2x4,8 2x6,8 
$16.00 $18.00 $18.50 
20.50 29.50 28.50 
29.50 31.00 29.00 
18.00 18.25 16.25 
18.00 17.00 15.00 


27.00 33. 00t 35. 00f 
27. 00 33.00 33.00 
27.00 33.50 30.00 
28.50 31.75 30.50 


24.00 26.00 25.00 


28.00 36.00 30.00 
d31.50 35.55 32.50 


44.00* 44.00* 


LONG LEAF Y. P. 
Merchantable grade 
up to 20 ft. 
2x12,8 12x12," 
$8. 50 $40.00 

54. 55.00 


2x8,5 
$20.00 
29.00 
30.00 
17.25 
16.00 


51.00t 
33.00 
31.00 
30.50 


25.50 


34.00 
35.50 


44.00* 


2x 10,8 
$19.50 
30.50 
30. 50 
17.25 
16.00 


60. 00 
35.00 


6x12," 12x 12,2 
Southern Pine 
Southern Pine 
Douglas Fir 
Long Leaf 
Southern Pine 


Southern Pine 
Douglas Fir 
thern Pine 
Douglas Fir 
Southern Pine 
Douglas Fir 
Southern Pine 
.. Southern Pine 


Douglas Fir 
Southern Pine 
Douglas Fir 
Southern Pine 
Douglas Fir 


Douglas Fir 
Western Pine 
Douglas Fir 

Spruce 
Douglas Fir 
Southern Pine 
Douglas Fir 
Southern Pine 
Douglas Fir 


27.00 
27.00 
28.00 
29.50 


25.00 


30.00 
32.40 


41. 00*= 


73.00 


40.00 
32.50 45.00 
28.50 40.75 
26.50 40.00 
43.50 
47.00 
55.00 


52.00* 
35.00 


46.25 
00 


35.00 


35. , 
9.35 
35. 00* 
37.00* 
32.00 
45.00 
33.75 
38.55 
28. 50*x 


6.00 
45.00 
47.75 
53.25 


Douglas Fir 


Southern Pine 
Douglas Fir 
reer Southern Pine 
Douglas Fir 
Douglas Fir 20. 00° 


30.50 
38.52 
28. 50*x 


37.65 
39.70 
29. 50*x 


21.50¢ 21.50¢ 


Pittsburgh 36.52 37.50 
39.10 39. 38 


29.50*x  30.00*x 
22. 00° 22.50¢ 24.50 
Douglas Fir 14.00 15.00 15.00 14,00 14.00 14,00 20.00 19.00 


*Delivered. ¢Spruce. tLong-leafed Y.P. §Norway Pine. *Northern Pine. “Native. tAtship’stackle. ,Yard prices. 210% Disc. taken off. «5M ft. or less 
8848. ®Rgh. Contractors in Minneapolis and St. Paul get 20% disc. from list. 


CURRENT BUILDING AND CONSTRUCTION WAGE RATES PER HOUR 


-——Common_ Labor—— 
Building Heavy Const. 


$0. —" $0. 30/.40 


. 30/. 40 30), sor 
- 50/.70 -50/.70 


29. 50*x 
20.00* 


Hoisting 
Engineers 
$0.60/1.25 
1.25 
1.125 
. 90/1. 37} 
1.00/1. 25 
1.31 


Structural Iron 
Workers 


$0.60/1.25 
1.374 


1.00 
1.20 


Bricklayers 
$0. z(t. 125 
‘$ 
1.20 

80/1. 375 


Carpenters 
$0. i 


0/1, t. 00 


Baltimore 
Birmingham 
Boston 


Cincinnati 





“824 
‘72 
. 25/.40 


1.10 
1,00 
1.00 
1.50 
.35/1.50 
- 30/1. 00 
1.50 


beste 
“> 


Minneapolis 


New York 
Philadelphia 


Pittsburgh... 


1. 40 
.65/1. 10 
-50/1.00 


1.25 
1.10 


1. oe 
Montreal 
Skilled Ave: (Bricklayers, Carpenters, seantaiaiend $1. 


pRys=|=sos 








